Supply Chain Management Systems With Respect to Containerised Ocean Freight to and from India by Mathur, Ravi Prakash
SUPPLY CHAIN MANAGEMENT SYSTEMS WITH 
RESPECT TO CONTAINERISED OCEAN FREIGHT 
TO AND FROM INDIA 
ABSTRACT OF THESIS 





RAVI PRAKASH MATHUR 
FEBURARY 2004 
UNDER THE GUIDANCE OF 
DR. SALMA AHMED PROF BRIJ MOHAN 
INTERNAL ADVISOR EXTERNAL ADVISOR 
FACULTY OF MANAGEMENT STUDIES AND RESEARCH 
ALIGARH MUSLIM UNIVERSITY 
^ ^ f O " ^ ALIGARH U.P (INDIA) 

SUPLY CHAIN MANAGEMENT SYSTEMS WITH RESPECT TO 
CONTAINERISED OCEAN FREIGHT TO AND FROM INDIA 
ABSTRACT 
INTRODUCTION 
Physical distribution management was the earUest formal form of the logistics function. 
However it had the scope limited to examining the physical and managerial aspects of the 
inbound and outboimd logistics activity. With the electronics era, providing electronic 
data processing capabilities, the informational subsystem gained in significance and 
became the driver of processes for this function. Supply Chain Management now has an 
impact on service factors such as quality and product design. The Just-in-Time (JIT) 
philosophy emphasized the creation of linkages between streamlined logistics and quality 
control. The physical scope of SCM is enlarged to look at the entire gamut of activities 
from vendor to customer. The effectiveness of delivery to the customer has become the 
primary focus, taking into consideration the changing nature of demands and 
technologies. The definition of Supply Chain Management is thus "The design and 
operation of the physical, managerial, informational and financial systems needed to 
transfer goods and services from vendor to customer (point of production to point of 
consumption) in an effective and efficient manner". 
Specific o bjectives o f supply chain m anagement from an o rganization's p oint o f v iew 
are 
1. Minimizing uncertainty 
2. Reducing lead times 
3. Minimizing the number of stages 
4. Improving flexibility 
5. Improving process quality 
6. Managing variety 
7. Managing Demand 
8. Delaying differentiation 
9. Competing on service 
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Supply chain design and supply chain decisions have a direct bearing on the use of 
infrastructure and the software associated with the supply chain. Modem supply chains 
are international in nature. They involve movement of goods across international borders, 
through a system of mechanisms that regulate international movement of goods. The 
goods have to move through a specialized infrastructure of ports, airports and container 
terminals and its performance is also dependant on the dynamics of the market for 
international fi-eight. International supply chains have to deal with additional dimensions 
for decision making. Firms have to design supply chains taking into consideration 
decisions and processes for overseas fiscal representation, transfer of title of 
merchandise, payment of duties and taxes and bonding of goods. 
The importance of ocean freight in international supply chains has increased over the 
years because of the advent of containerization and because of the lower costs associated 
with the ocean freight when compared to other modes of international transport. 50 % of 
international trade in terms of value is by sea. 70% of international trade in terms of 
volume is by sea Containerization of general cargo traffic has progressed steadily over 
the last 20 years. Hinterland connectivity is a critical issue in containerized ocean freight. 
Containerization has led to the growth of multi-modal transport. In the earlier days 
cargo used to move to the ports for custom clearance and used to be containerized at the 
port area itself Later containerization and custom clearance separated from the port area. 
To handle the cargo and to execute custom clearance, container freight stations (CFS) and 
inland container depots (ICD) came into existence. Containers stuffed at these places then 
moved by road, rail or waterways to the loading port. With improvement in cormectivity 
to the port, handling of cargo the ICDs and CFSs shifted further into the hinterland. 
The physical features of a multimodal transport network such as ICDs, Ports, railway 
wagons & tracks are referred to as transport hardware. The network of auxiliary services, 
transport operators, regulatory bodies, public institutions and infrastructure users, that 
affect the performance of the entire chain, is referred to as the software. The software of 
international transport is important because investments in infrastructure facilities and 
equipment do not reduce transaction costs unless the institutional and operational issues 
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related to foreign trade are addressed to improve efficacy in usage of the hardware. The 
hardware for transport is an asset and its proper utihzation is a must for better return on 
investment. The efficiency of the software is directly dependant on the efficiencies of the 
players that constitute the software and on the efficiency of their transactions amongst 
themselves. 
The efficiencies of the ocean supply chains depend on several factors including the 
efficiency of the supply chain, the equipment installed, the operating practices, customs, 
ICD/port procedures, type and number of vessel calls and the connectivity of the port to 
the hinterland. Supply chain managers for containerized ocean fi^eight have to design 
their supply chains and take supply chain decisions taking into consideration the nature of 
containerized freight. The conventional decisions regarding shipment size, shipment 
frequency, mode & carrier selection, lead time management, flexibility of supply chain 
etc. have to be taken keeping in mind the restrictions made by customs, limitations placed 
by infrastructure and dependence of the supply chain on the market for international 
freight. In the domain of the managers of public infrastructure, the private service 
providers and the frade regulation authorities, that constitute the supply chain for 
containerized freight, the system has to be managed efficiently in order to come upto the 
high standards that J.I.T philosophy places on lead times. They also have to provide the 
policy support that facilitates the movement of the merchandise as per SCM 
requirements. 
The emergence J.I.T philosophy and modem supply chain management concepts has 
placed demands on the infrastructure for international movement of containerized cargo 
to give dependable performance on lead-times. Modem logistics practices also demand 
policy support and user friendly procedures for their effective implementation. However 
it has been observed that the performance of international supply chains, which consists 
of both public institutions and public and private service providers, does not remain 
consistent. Firms whose operations are dependant on their international supply lines incur 
losses arising because of supply chain failures. 
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It is also observed that concepts and practices that have been executed successfully in the 
domain of domestic logistics are not easily executable in the domain of international 
supply chains. 
International containerized supply chains move through shared infrastructure and 
services. Infrastructure in the Indian context is choked, is working above capacity and is 
often the cause of breakdown in the supply chains due to terminal congestion and 
hardware failure. Expansion of the infrastructure as well as its maintenance is capital 
extensive. Because of these constraints there is need for the software of international 
trade to perform efficiently. The software , on the other hand, is a complex interaction of 
the players that constitute the supply chain, various processes, procedures and different 
logistics and commercial models. The impact of this software on supply chain 
performance needs to be studied and understood. It needs to be explored if better 
performance of the software can improve the efficacy of the supply chain for 
containerized ocean freight to and from India. 
There i s n eed t o e xamine i f t he s upply chain i s meeting t he d emands p laced o n i t b y 
modem supply chain concepts and practices. The research problem is to study the 
software of supply chain management systems for containerized ocean freight and to 
examine if there are areas were there are possibilities to improve its efficiency. 
SCOPE AND LIMITATIONS FOR RESEARCH. 
• The research studies the systems for movement of containerized cargo to and 
from India with a process management approach to the software for supply chain 
systems that exist for containerized international ocean freight. 
• The study focuses on the movement of custom cleared cargo from the hinterland 
to the loading port in containerized form. 
• ICD Delhi and CFS Delhi have been taken as the hinterland points. 
• Jawaharlal Nehru port, consisting of Nava Sheva and NSICT, has been taken as 
the sea ports. 
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• The research does not focus on the movement of cargo from the hinterland to the 
port through conventional means like road and rail, for eventual custom clearance 
and containerization at port. 
• The research excludes the role and impact of infrastructure development and 
focuses instead on the software for international trade. 
• Since the efficiency of the software is directly dependant on the efficiencies of the 
players that constitute the software and on the efficiency of their transactions 
amongst themselves, the research studies the interrelation of the players in the 
supply chain and their impact on the efficiency of the supply chain. 
• The research studies the lead time for movement of containers between ICD Delhi 
and port. 
• ft studies the various processes that are involved in the movement of cargo from 
ICD Delhi to port. 
• The research studies the various procedures involved in the movement of the 
multimodal supply chain. 
• hi analyzing various processes of the system the research focuses on the user 
interface of the system and does not focus on the internal procedures of the 
players. 
• The research does not study the costs or tariffs of the elements or the financial 
aspect of the use of the infrastructure. 
OBJECTIVES OF RESEARCH. 
1. To map the supply chain for international containerized ocean freight .To study 
various elements of the supply chain, 
2. To study the composition of the supply chain and to document & analyze the 
following 
• Types of documentation 
• Types of processes, 
• Players 
• Ownership of processes. 
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• Custody of cargo 
• Origin of costs. 
• Supply lead times 
3. To study the interrelation between the different elements of the supply chain 
4. To examine relationship between lead time variability with shift in responsibility 
(ownership of process), change in custody of shipment and number of transactions 
per activity 
5. To study performance of the supply chain with respect to lead-time for shipments 
moving between JN Port and ICD Delhi. 
6. To study the impact of the lead-time for containerized cargo between JN Port and 
ICD Delhi, on the need to carry inventory. 
7. To study the performance of the supply chain in the context of the 'Just in Time' 
concept of supply chain management. 
8. To study the relationship between the customs clearance procedures and the total 
lead time of the supply chain for containerized ocean fi-eight for exports. 
HYPOTHESIS 
• It is hypnotized that there is no correlation between lead time variability with 
number of transactions per activity 
• It is hypnotized that there is no correlation between lead time variability with 
shift in responsibility in a supply chain process. 
• It is hypnotized that there is no correlation between lead time variability with 
change in custody of shipment in a supply chain process. 
• ft is hypothesized that export shipments are able to achieve on time sailing 
98% of the time. 
• It is hypothesized that export shipments are able to achieve on time sailing 
40% of the time. 
• It is hypnotized that there is no significant difference between variations in 
activity lead time at different stages of the supply chain. 
Page 6 
• It is hypnotized that there is no correlation between the customs clearance 
procedures and the total lead-time of the supply chain for containerized ocean 
freight for exports. 
RESEARCH METHODOLOGY 
Qualitative data was collected through a structured open ended questionnaire. The data 
form the above questiormaire was used for the preparation of: 
A. Gantt charts with optimistic and pessimistic estimates of time for each activity. 
B. Process flow diagrams. 
C. Schematic diagrams of the supply chain. 
D. Map of supply chain in the form of work sheets, for ownership of processes, custody 
of cargo, cost origins and lead-time variability. 
E. Map of the supply chain for types of processes and interrelation of these processes. 
To study the supply chain the movement of a shipment is studied as it moves through 
various stages, the following criteria was used to identify the various stages of the supply 
chain 
A. Status and change in status of shipment as per physical flow: 
• Whether the shipment is in transit or warehoused 











• Position of the shipment with respect to the physical infrastructure 
B. Status and change in status of shipment as per regulatory control: 
i. Pre-clearance 
ii. Post-clearance 
iii. Under customs or excise bond 
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C. Status and change in status of shipment as per the player involved in the supply chain 
transaction. 
• Player who has the custody of the shipment 
• Player who has the ownership(responsibility) of the current process. 
Rationale behind various mapping techniques used 
hi Gantt Charts the movement of the shipments was mapped with respect to timeline and 
types of processes, hi Schematic Diagrams the movement was mapped with respect to 
use of infrastructure, hi the interrelation work sheets the above were mapped with respect 
of interrelation of physical flow with the information flow of supporting processes 
For Quantitative data the data fi-om the tracking sheets was used to calculate the lead-
times between various events and also the total lead time between port and ICD. The data 
was used to calculate central tendencies and the variance, of lead-times for various 
activities in the supply chain and for different supply chains, which were classified on the 
basis of the organization of its elements. 
ANALYSIS AND INTERPRETATION OF DATA 
Analysis of qualitative data 
The data collected through the interview method was ordinal in nature. The data was 
qualitative and distribution free, hence it could be subjected to only non parametric tests. 
There were limitations even in the use of non parametric tests since the data could be 
classified as a sample drawn from a population since the result of the data collection was 
a tabulation of existing and a finite set of activities. The output from the questionnaire 
was a documentation of the various processes of the supply chain. Based on the activities 
identified further analysis of the process flow was done for different supply chains. 
Different kinds of processes were identified and the interrelation between physical flow 
and information flow was analyzed based on the above sheets. For FCLs further analysis 
was done in the following manner. 
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A. Ownership of process 
B. Custody of cargo 
C. Number of players 
D. Number of documents 
E. Change in ownership from preceding activity 
F. Change in custody from preceding activity 
G. Existence of variation in lead time for completion of that activity 
The above data was used to carry our root cause analysis of lead-time variability. 
Analysis of each activity for relationship between lead time variability and different 
supply chain elements was done using percentage analysis. Spearman's rank correlation 
was used to analyze the correlation between lead-time variability and different factors. 
Analvsis of quantitative data 
The shipment tracking sheets were analyzed using the following methods 
A) Descriptive statistics for the lead-times for various supply chains. 
B) The impact of the lead-time on inventory management policy was studied using the 
reorder point equation of inventory management. 
C) As a specific case the sample of the factory stuffed containers was used to perform the 
following tests. 
• Z factor analysis for supply chain performance 
• Bartlett's test 
• Carl Pearson's coefficient of correlation 
CONCLUSIONS AND IMPLICATIONS 
There is existence of lead-time variability in the supply chain that can be observed from 
the various qualitative and quantitative analyses. It is also observed that that the supply 
chain is not able to provide on time delivery as per the demand placed by the philosophy 
ofJ.I.T. 
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The variance in lead-time has been observed due to variance in process lead-times of 
different processes, due to variance in waiting periods at the points where there is 
consolidation from the previous process and due to the existence of procedural 
transactions by various players at various points. To complete the entire process, from 
custom clearance to sailing of vessel, it requires integration by various players and the 
total supply chain is not a self completing system. 
There is evidence that a process re-engineering exercise needs to be carried out and to de-
fragment the entire process on the following lines 
a) The different activities are not linearly linked. I.e. The input to one activity is not 
necessarily the out put of the proceeding activity alone. Frequent changeovers of 
responsibility of processes and custody of cargo adds to the basic cost of the transaction. 
There is indication that in activities where there is change in responsibility and custody, 
the lead-time variability is more. 
b) T he n umber o f d ependant s teps i n t he t otal process can b e reduced to form 1 onger 
chains of self completing processes. 
c) There is evidence that the variation in the time required to complete the custom 
clearance and containerization processes has an impact on the total lead time of the 
supply chain. 
d) Decongestion of the rail-head/ICDs more activities should be carried outside the 
physical infrastructure. The possibility of separating customs clearance from the physical 
infrastructure can be considered. 
e) Focus areas for process reengineering should be the processes of the CHA and the CY 
owner since together they own 52 %of the processes. 
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f) Variance at difference stages of should be kept at a minimum since the total variance is 
calculated as the sum of the individual variances. Also variation in activity lead-times of 
the different stages has a cascading effect leading to a higher variation in the overall lead-
time. 
The roles played by the various players need to be examined since the organization of the 
chain seems to be highly fragmented. The supply chain demands a very high degree of 
coordination amongst the various players as can be seen from the interaction matrix. We 
can see from the different samples that variation in activity lead-times of the different 
stages has a cascading effect leading to a higher variation in the overall lead-time. The 
overall variation has been observed as higher than the sums of the constituent stages of 
the supply chain. This is true after testing for statistical significance. There is thus a need 
for management of the supply chain system in totality. The monitoring of the system 
would need to be done w ith an overall view along with the monitoring o f the various 
stages. At the moment, from analysis of the roles of the different players, no player is 
executing that role. 
It can be seen from the analysis of processes, that the system is dominated by controlling 
and regulatory processes. 
The software has limited but certain impact on the performance of the supply chain. 
Development of physical infrastructure can not be ignored since there is significant lead 
time variation when the shipment is in the physical domain of the supply chain. 
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EXECUTIVE SUMMARY 
The emergence/j.LT philosophy and modem supply chain management concepts has 
placed demands on the infrastructure for international movement of containerized cargo 
to give dependable performance on lead-times. There is need to take a holistic 
perspective of supply chains for containerized ocean freight to meet that objective. There 
is need to integrate the SCM objectives from a firm's point of view with the external 
software for international freight. The network of auxiliary services, transport operators, 
regulatory bodies, public institutions and infrastructure users, that affect the performance 
of the entire chain, is referred to as the software of international trade and transport, and 
on which this report focuses. This research takes an integrated process management 
approach to the various interactions between the players and studies the impact of these 
interactions on supply chain performance. 
The research creates a map of supply chain systems and maps the interrelation of the 
players among themselves through analysis of documentation in the chain and the 
different processes that form part of the supply chain. The research studies the processes 
which have different objectives and maps their effect on the physical flow of cargo. The 
research checks the effect, frequent shifts in ownership of process, change in custody of 
cargo and number of transactions per process have on lead time variability, through 
qualitative analysis. ^ 
Quantitative data on shipment lead-time, collected through tracking of shipments through 
various stages of the supply chain, is analyzed to study the actual performance of the 
supply chain and to see if it comes up to accepted standards for on-time delivery. The 
quantitative data is analyzed to examine if there is synchronization between the various 
stages of the supply chain and also if there is correlation between the total lead-timcand 
the lead-time for processes associated with the software of the supply chain. 
The findings of the research are that the supply chain isjiqt able to meet the demanding 
standards established by the J.I.T philosophy. To be able to meet these standards the 
industry would need to make adjustments by carrying more inventories. The various 
stages of the supply chain have different lead-time variancdv,which leads to high overall 
variance in lead-tirnfe. This again implies higher inventory levels to accommodate this 
high variance. There is a positive correlation between processes related to the software of 
the supply chain and the variance in the total lead-time. A process reengineering exercise 
(\ipVolving all players, needs to be undertaken to synchronize the different stages of the 
supply chain , to reduce total variance , to reduce variance in process lead-times and to 
improve supply chain performance. The research identifies the areas that need to be 
focused on in order to achieve the above results. 
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1.1 SUPPLY CHAIN MANAGEMENT CONCEPTS 
Physical distribution management was the earUest formal logistics function. It had the 
scope limited to examining the physical and managerial aspects of the outbound and 
inbound logistics activity. With the electronics era at a later stage, providing electronic 
data processing capabilities, the informational subsystem gained in significance, for 
physical distribution management, and even became the driver of processes for this 
function. 
Leveraging on the capability of information handling systems, the scope of physical 
distribution management came to include some parts of the financial subsystem, wherein 
management of the cash and funds flow cycles also became a part of SCM. 
SCM now has an impact on service factors such as quality and product design. The Just-
in-Time (JIT) philosophy has led to emphasis being laid on the linkages between 
streamlined logistics and quality control. The financial system facilitates the tying up of 
different activities across entities. 
The physical scope of SCM is enlarged to look at the entire gamut of activities from 
vendor to customer. The SCM perspective looks at the stream of activities from raw 
material to consumption. The effectiveness of delivery to the customer has become the 
primary focus, taking into consideration the changing nature of demands and 
•^' technologies. 
SCM definition: Supply chain management from a firm's point of view can be defined as 
the "design and operation of the physical, managerial, informational and financial 
systems needed to transfer goods and services from vendor to customer (point of 
production to point of consumption) in an effective and efficient manner". 
The three Flows in a Supply Chain are value flow, information flow and cash flow. 
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1.1.1 Driving Forces of SCM 
A) Customers expect increased value addition, better response time, increased value 
addition, cost effectiveness and reliability in supply chains. 
B) Customers expect decreased and consistent lead times. 
C) Development in IT and manufacturing technologies allow new initiatives. 
D) Realisation that inefficient supply chains lead to increased inventory carrying costs and 
adversely affect a firm's bottom-line. 
1.1.2 Decision Areas in Logistical Systems 
A hierarchy of decisions needs to be made in a supply chain. A few of them are 
• Product attributes 
• Ship direct or through distribution centre 
« Number of centers and their locations 
• Stores served 
• Safety stock 
« Shipment size and frequency of shipments 
• Composition of shipment with respect to different part numbers/purchase orders etc. 
• Mode of transport 
• Service level for transportation and its trade-off with cost 
• Choice of vendor 
The above can be classified into strategic, tacfical, and operational decisions .Decision 
making in the logistic companies is very complex because a large number of players are 
involved and several alternatives exist in order to execute an order. A Logistics company 
can have several facilities in different geographic locations moving different products 
and serving different customers .They supply the customers with the required variety and 
lot sizes at the time and place they specify. Thus there is a five-dimensional decision 
problem that needs to be solved: When, Where, What and How much to deliver, and for 
whom. In the conventional mass production logistical systems the problem was one 
dimensional and which was how to maximize the number of full capacity shipments. 
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Strategic Decisions 
The strategic decisions are long-term decisions and they determine the competitiveness of 
the supply chain these include strategic alliances, location of facilities, purchase of 
equipment, technology choices and extent of outsourcing decisions. They also include 
product and market decisions 
Tactical Decisions 
These decisions pertain to demand forecasting and resource allocation for meeting that 
demand. These include routing of the orders along the supply chain, subcontracting, 
scheduling workload onto the manufacturing and logistics facilities. 
Operational Decisions 
These decisions are day to day decisions and include order processing, delivery matters, 
fleet scheduling, and inspection, to mention a few. These also include decisions that may 
need to be taken to handle situations that arise out of a break down at any point in a 
supply chain. These decisions provide feedback for higher level decision making such as 
for tactical decisions. 
1.1.3 Focus Areas in Supply Chain 
Quality: Quality is paanagement of all the logistical activities so that they are on assigned 
target with low variation. This goal is achieved through monitoring the performance of 
the chain as well as monitoring defects in the product. Root-cause analysis of defects is 
then conducted and the sources of the defect eliminated. 
Cost: Cost provides tremendous insights into system, its problems and its in-efficiencies. 
Capacity: The maximum output rate of a system is defined as capacity. There has to be a 
trade-off between excess capacity and order executing ability. An imbalance in capacity 
for any activity will cause bottlenecks and delays. Variable capacity is sometimes 
archived through strategic alliances. 
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Asset utilization: Assets of a logistics provider or firms have a capital cost associated 
with them and in turn an opportunity cost for that capital. The assets must be 
appropriately utilized to guarantee the required ROI. 
Reliability and dependability: Unreliable lead times can be caused by disruptions such 
as machine failures, worker absenteeism, truck failures, supplier failures, etc. as well as 
rush orders. The supply chain must have the required back-up mechanisms to take care of 
such break-downs and ensure dependability. 
Flexibility: Logistics requirements differ with country, product and even buyer. The 
requirements are not the same. The supply chain must have the capability to deliver under 
various envirormiental uncertainties in various dimensions such as delivery time, 
schedules, design and demand changes, etc. For a global logistics player flexibility is of 
tmost importance. 
, >: 
From the above key thrust areas of SCH we arrive at the specific objectives of supply 
chain management fi-om an organization's point of view. 
1. Minimizing supply uncertainty which can arise due to 
• unrehability of vendors, 
• process uncertainty due to internal processes 
• demand uncertainty 
• Lead time uncertainty due to transport inefficiency 
2. Reducing lead times: Lead times at the stages of procurement, conversion and 
distribution can be cut down by faster modes of transport, better planning practices and 
process technologies. / 
3. Minimizing the number of stages: The inventory in a system can be said to be directly 
proportionate to the number of stages in a supply chain. However there is a trade off to be 
achieved between total lead time, lead time uncertainty and the number of stages in a 
supply chain. 
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4. Improving flexibility: The supply chain has to be designed in such a way thai it 
should be able to accommodate changes in supply chain decisions at any stage of the 
execution. 
5. Improving process quality: The techniques for this include balance score card, 
benchmarking, statistical process control, root cause analysis of poor quality and process 
reengineering. 
6. Managing variety: Variety is one of the major causes for inventory in the downstream 
part of supply chains. Standardization of product and service offerings for exploiting 
economies o | ^ a l e is not always possible. Possible strategies to manage variety include 
'stock vele^ity analyses. 
7. Managing Demand: Inventory control models take into consideration uncertainty in 
demand. Due to the shortfalls of the forecasting methods, many firms switch to pull based 
approach to supply, from the conventional push based approach. 
8. Delaying differentiation: The value addition through product differentiation is 
postponed as far as possible, so that precise customer needs can be met without holding 
committed stocks in the entire chain. Shipping of component level goods to major points 
and assembling according to customer needs, postponing finishing operations till near the 
final point of consumption, etc. are examples of differentiation. In the electronics 
industry logistics practices like 'merge in transit', 'kitting', 'hght assembly' and pick and 
pack' are variations of the same strategy. 
9. Competing on service: Transparency of the shipments in transit, visibility of 
inventory at various points and information sharing go into customer service, in the 
modem supply chain. 
1.1.4 Supply chain strategies 
Based on supply chain strategy followed by different organizations supply chains are also 
classified as being Physically Efficient or Market Responsive. Physically efficient supply 
chains try to keep the supply chain costs and inventory in the system at a minimum. Lead 
times are kept as short as possible. On the other hand Market Responsive supply chains 
try to respond quicker to unpredictable demand in order to minimize stock outs. Such 
chains also invest in order to reduce lead times. Speed flexibility and quality are key 
factors for these chains. 
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Table 1- physically Efficient Vs Market Responsive Supply Chain 
Primary Purpose 
Physically Efficient Process 
Supply predictable demand 
efficiently at the lowest possible 
cost 
Market Responsive Process 
Respond quickly to unpredictable 
demand in order to mmimize stock 
outs, forced markdowns, and 
obsolete inventory 
Manufacturing Focus Maintain high 
utilization rate 
average Deploy excess buffer capacity 
Inventory Strategy Generate high returns and 
minimize inventory throughout 
the chain 
Deploy significant buffer stocks of 
parts or finished goods 
Lead-time Focus Shorten lead time as long as it 
does not increase cost 
Invest aggressively in ways lo 
reduce lead time 
Approach to Choosing 
Suppliers 
Select primarily for cost and 
quality 
Select primarily for speed, 
flexibility and quality 
Product-design 
strategy 
Maximize performance and 
minimize cost 
Use modular design in order to 
postpone product differentiation for 
as long as possible 
Source: Marshall L. fisher, "What is Kight Supply Chain for Your Customer" Harvard 
Business Review, March - April, 1997 
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1.2 RELATIONSHIP OF SUPPLY CHAIN MANAGEMENT WITH 
TRANSPORTATION INFRASTRUCTURE 
To understand the relationship between supply chain management and infrastructure we 
have to understand the issues of supply chain design and of logistics costs. 
1.2.1 Supply Chain Design X 
Supply chain design and supply chain decisions have a direct bearing on the use of 
infrastructure and the software associated with the supply chain. Modem supply chains 
are international in nature. They involve movement of goods across international borders, 
through a system of mechanisms that regulate international movement of goods. The 
goods have to move through a specialized infrastructure of ports, airports and container 
terminals and performance of the chain is dependant on the dynamics of the market for 
international freight. 
International supply chains have to deal with additional dimensions for decision making. 
Firms have to design supply chains taking into consideration decisions and processes for 
overseas fiscal representation, transfer of title of merchandise, payment of duties and 
taxes and bonding of goods. 
1.2.2 Logistics Costs ' 
In developing economies the process for logistics management are not always efficient. 
Logistics costs amount to 30% of delivered costs in some economies, whereas in efficient 
economies it is as low as 9.5% Logistics system improvements are critical to economic 
development. Worldwide logistics costs exceed $1 trilhon, of which $610 million is non-
transport logistics service charges 
4% Administration 
6% Order Processing 
24% Inventory Carrying Cost 
27% Warehousing 
39% Transportation Charges 
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The % of GNP spent on logistics decreases as the economy develops & as competition 
becomes more effective. As per analysis done by CMIE on logistics costs in India the 
following break up has been arrived at for logistics cost estimates in India 





Handling and Warehousing 
Source: CMIE, published data 







Because of the inefficiencies of a logistics system a major type of cost is the cost 
involved in the use of safety stock. The cost of carrying inventories is the sum of the cost 
of pipe line inventory and the cost of safety stock. Safety stock is stock held in 
anticipation of unforeseen events of which unpredictable supply lines is one. Safety stock 
is held continuously and is hence permanent blockage of working capital 
1.2.3 Challenges for Infrastructure 
There are many factors that place demands on the transportation infrastructure and also 
effect its performance .Challenges placed on Infrastructure can be clubbed as per the 
following heads. i , / - ' 
Logistics Productivity Factors 
• Product Supply Chain Concept 
• Government Regulation and procedures 
• Equipment Carrying Capacity 
• Mode Optimization 
• Global Logistics & Technology 
• Inventory Reduction 
Page 9 
Freight Market Trends and Issues: 
, Freight Markets/Logistics (demand) and Carriers/Transportation Systems 
(supply) 
» Shift from national markets to global markets 
« Shift from a manufacturing to a service economy 
« Shift from push to pull logistics systems 
« Shift from modal fragmentation to cross-modal coordination 
« Shift from system construction to system optimization 
Public Policy 
• Shift from economic deregulation to safety regulation 
« Shift from modal to multi-modal surface transportation policy 
• Shift from low visibility to envirormiental accountability 
• Shift from policy enforcement to trade facilitation 
Trends Shaping Demand for Transportation Services 
• Outsourcing for comparative economic advantage in production 
• Customer-driven shift to customized, mass-market products and services 
• Manufacture-to-order and time-definite-delivery 
• Emergence of e-commerce and e-business 
There are, however many constraints that are hindrance to infrastructure being able to 
provide the agility, integrity and flexibility that are being demanded from the factors 
stated above. 
• Highway and rail congestion, especially landside access to ports and terminals 
• Insufficient rail and inter-modal terminal capacity 
• fragmented operational strategies 
• Limitation of public and private finance for system maintenance and new capacity 
• Public-public and public-private integration of IT systems 
Transportation Infrastructure is an asset to contain costs and make products more 
competitive. The question being asked is; are we using it wisely? 
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1.3 CONTANERISED OCEAN FREIGHT 
1.3.1 Background 
Ocean borne containerization commenced on April 26, 1956, when the vessel 'Ideal' of 
Malcom Mcleans' Pan Atlantic Steam Ship Corporation (which later became Sea Land 
Service) sailed from the Port Newark (NJ) for Houston on the US gulf with 58 containers 
on board. Earlier containers were in use in railway transportation .At that time it was not 
foreseen that this was the beginning of the international liner shipping revolution that 
would change trade and inter-modal transportation in maritime trade. In West Coast 
Matson's 'Jamaican Merchant' sailed from San Francisco (LA) to Honolulu with 20 
containers on August 31, 1958. Full container ships were soon developed. It is accepted 
that Mclean and Matson pioneered ocean containerization. 
1.3.2 The International Scenario for Containerized Ocean Freight 
Containerization of general cargo fraffic has progressed steadily over the last 20 years, 
including a doubling of world port container fraffic between 1990 and 1998 to reach 175 
million TEUs (Twenty Feet Equivalent Unit). Shipments of empty containers are 
estimated to make about 20% of the total fraffic. World container port traffic expanded 
by 2.2 per cent in 2002, reaching 236.7 million TEUs. The ports of developing countries 
handled 96.6 million TEUs, or 40.8 per cent of the total in the corresponding period. 
Total world maritime fraffic varies according to dry bulk frade tendencies, but is expected 
to grow by 4% or 5% annually between 1998 and 2010. Total port container throughput 
is forecasted to reach 270 miUion TEUs bv 2005, i.e. a 55% increase over 1998 volumes. 
The importance of ocean freight has increased over the years, because of the advent of 
containerization and because of the lower costs associated with the ocean freight when 
compared to other modes of international transport. 50 % of international trade in terms 
of value is by sea. 70% of international frade in terms of volume is by sea. 
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More than 80 percent of trade with origins or destinations in developing countries, in 
tonnage, is waterbome. World port traffic is made for 45% of liquid bulks (mainly oil, 
petroleum products, and chemicals), for 23% of dry bulks (coal, iron ore, grain, and 
phosphate), and for 32% of general cargo .Container traffic is distributed unevenly 
between the Far East (45%), Europe (23%), North America (16%), Near and Middle 
East (6%), Central and South America (4%), and Africa (3%). 
Maritime freight costs, as a percentage of import values, have decreased from 6.64% on 
average for the whole world in 1980 to 5.24% in 1997. International fi-eight rates have 
significantly decreased in real terms over the last 10 years, often by more than 40% 
*-
Port and logistics operations are more and more carried out by a limited number of 
international operators, specializing in dedicated market segments, and by a few large 
shipping lines expanding their maritime networks into inland operations to offer 
integrated transport services. Seaports, from the simple physical sea/land interface they 
once used to be, have successively turned into commerce and industrial centers. From 
logistics and distribution platforms they are now becoming inter-modal nodes in 
international supply chains networks, the efficiency of which now drives trade 
competitiveness. 
Total logistics costs (packaging, storage, transport, inventories, administration and 
management) are estimated to reach up to 20% of total production costs in OECD 
countries, while freight costs alone (transport and insurance) can make up to 40% of 
values of exports for several African landlocked countries. 
1.3.3 The Indian Scenario for Containerized Ocean Freight 
While in the international scene about 75%-80% of the cargo is containerized, in India it 
is presently about 45%, hence there is enough scope for further containerization of the 
cargo. 
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Port sector in India, comprises of 12 major ports and around 25 active minor and 
intermediate ports which together handle more than 387 million tones of cargo per 
annum. The sector has witnessed large-scale investment in the past decade with more 
than Rs.150 bilM6n invested through government and the private sector for the 
modernization program. 
Container traffic is expected to grow at 13 per cent or more per annum in the next five 
years. Major Indian ports are expected to handle around 4.5 million TEUs in 2005-2006. 
It is difficult to establish the maximum handling capacity of a container berth as it 
depends on several factors including the efficiency of the management, the equipment 
installed, the operating procedures & practices, type, size and number of vessel calls and 
the connectivity of the port to the hinterland container terminals .In any case it is 
estimated that Indian ports (that has had the equivalent of 12 container berths in 2000-
2001) will need 22 more berths in another fivryears. 
V,' 
As handling equipment design, efficiencies, operating practices and processes improve, 
this number could be brought down .However it is certain that India will require a 
massive expansion in berth capacity in the next five years. 
1.3.4 Merits of Containerisation 
Quest for economy in transportation and reducing the labor content were the prime 
reasons for containerization of the cargo in the developed countries. The merits of 
containerization are 
• Less labor required 
• Heavy packaging not required 
• No pilferage 
• Handling the cargo in containers is easier 
• Cargo is not affected by rains or contamination 
• Safe handling of perishable cargo and marine food etc, in refrigerated containers 
• Documentation can be simplified 
• Easy movement by rail/road 
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1.3.5 Special Requirements of Containerised Cargo 
1.3.5.1 Distinguishing Features 
The container which is discharged from the ship has to be: 
• Moved out of the berth through tractor-trailers 
• Directly moved out of Terminal to relevant destination 
• Stored in the container stack area 
• Moved into railway yard/railways for moving into container train to move to 
• ICDs 
• Taken to container freight station for de-stuffmg and dispatch 
Reverse is the action for export containers. Facilities are needed for the above 
operations. 
Containerization thus requires special and distinguishing infrastructure and facilities for 
handling as given under: 
• Containers as per internationally accepted specifications. 
• Special containers like refrigerated, open top etc. and their handling. 
• Special cranes for handling at the berth for loading/unloading from/into the ship 
• Trolleys/trailers for movement of container from berth to the yard/CFS 
• Designed and designated yard to keep the loaded and empty containers 
• Special arrangements for space and inventory management of containers 
• Cranes/equipment to handle the containers at the yard. 
• Warehouses for stuffing/de-stuffing of containers 
• Reach stacker/Crane/forklift and handUng facilities at container freight station 
• Railway links, Internal Container Depots (ICD) and special container trains 
• Inter-modal documentation and cooperation of various agencies 
• Trained staff for handling the cranes and other special equipment. 
• In case of imbalance of import/export trade or lack of synchronization, empty 
containers may have to move causing cost to trade 
• Special Ships for containerized traffic. 
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1.3.5.2 Container Freight Stations 
The LCL containers are. stripped (stuffed) of its contents in a covered area called 
Container Freight Station. Container mounted on tractors stand at the bays of the CFS 
shed and small forklifts move inside the shed and the container to stuff de-stuff the cargo 
and store it in the shed. The size of a container Freight Station is a factor of the following 
points. 
• Average warehousing period of a consignment 
• Average staking height in CFS 
• Access factor to allow for circulation of equipment in the operational areas. 
• Separate area provided for chemicals and hazardous cargo taking all precautions 
as per UN and IMO standards. , 
• Separate area/shed provided for unclaimed cargo and procedures for their periodic 
auction so that normal operations are not retarded. 
1.3.5.3 Hinterland Connectivity for Multi-Modal Transport 
Hinterland connectivity is a critical issue in containerized ocean freight. Containerization 
has led to the growth of multi-modal transport. In the earlier days cargo used to move to 
the ports for custom clearance and used to be containerized at the port area itself Later 
containerization and custom clearance separated from the port area. To handle the cargo 
and to execute custom clearance container freight stations (CFS) and inland container 
depots (ICD) came into existence. Containers stuffed at these places then moved by road, 
rail or waterways to the loading port. With improvement in connectivity to the port, 
handling of cargo the ICDs and CFSs shifted fiirther into the hinterland. 
Multimodal or inter-modal transport refers to the transport of goods by several modes of 
transport. In this method one of the carriers organizes the whole transport from one point 
to another point via one or more interfaces. This development has taken clearance and 
handling of cargo nearer to the export and import centers. In the Indian context, for 
example, for the port of JNPT 55% of the containerized traffic handled originates from 
the Hinterland ICDs 
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1.4 THE SOFTWARE AND HARDWARE OF MULTIMODAL TRANSPORT 
The physical features of a multimodal transport network such as ICDs, Ports, railway 
wagons & tracks are referred to as transport hardware. The network of auxiliary 
services, transport operators, regulatory bodies, public institutions and infrastructure 
users, that affect the performance of the entire chain, is referred to as the software of 
international trade and transport. 
The software of international transport is important because investments in infrastructure 
facilities and equipment do not reduce transaction costs unless the institutional and 
operational issues related to foreign trade are addressed to improve efficacy in usage of 
the hardware. The hardware for transport is an asset and its proper utilization is a must 
for better return on investment. The efficiency of the software is directly dependant on 
the efficiencies of the players that constitute the software and on the efficiency of their 
transactions amongst themselves. 
1.5 SUPPLY CHAIN MANAGEMENT WITH RESPECT TO CONTAINERIZED 
OCEAN FREIGHT. 
Supply chain management has been defined as the "design and operation of the physical, 
managerial, informational and financial systems needed to transfer goods and services 
from vendor to customer (point of production to point of consumption) in an effective 
and efficient manner. In the context of international sea-freight these systems are distinct 
and complex. 
Sea freight carries 70% of the world's produce in terms of value. In the Indian context 
13% of the trade is containerized and 16 % of the trade is in other non containerized 
commodities. Because of the growing demands on sea freight and the demands placed by 
modem requirements of supply chain management seaports and their attached 
infrastructure, from simple physical sea/land interface, have successively turned into 
inter-modal nodes in international supply chains networks, the efficiency of which now 
drives trade competitiveness. 
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The efficiencies of the ocean supply chains depend on several factors including the 
efficiency of the supply chain, the equipment installed, the operating practices, customs, 
ICD and port procedures, type and number of vessel calls and the connectivity of the port 
to the hinterland. 
Supply chain managers for containerized ocean freight have to design their supply chains 
and take supply chain decisions taking into consideration the nature of containerized 
freight. Conventional decisions regarding, shipment size, shipment frequency , mode & 
carrier selection , lead time management, flexibility of supply chain etc. have to be taken 
keeping in mind the restrictions made by customs, limitations placed by infrastructure 
and dependence of the supply chain on the market for international freight. 
In the domain of the managers of public infrastructure , the private service providers and 
the trade regulation ^authorities ,that constitute the supply chain for containerized freight, 
the system h a s ^ be managed efficiently in order to come up to the high standards that 
J.I.T philo^ciphy places on lead times. They also have to provide the policy support that 
facili|aj« the movement of the merchandise as per SCM requirements. 
1.6 PLAYERS IN SUPPLY CHAIN FOR CONTAINERIZED OCEAN FREIGHT. 
1. Consignor: A merchant or a trader who sends the consignments of goods by ship and 
other modes of transport. 
2. Freight Forwarders and clearing agents: International freight forwarders act as the 
agent for the shipper/merchant in the movement of cargo to overseas destinations and 
book freight with the main carriers. They can also provide customs brokerage. 
3. Consohdators and Co-loaders: Companies that consoHdate small shipments into FCLs. 
4. Shipping Line: Vessel owning carriers for containerized ocean freight. Shipping lines 
may own or take containers on lease and also manage container inventory through a 
system of leased container pools with other shipping lines. 
5. Customs: Government authorities that ensure that trade is being carried out as per the 
laid down procedures. They also endeavourer to prevent any unlawful movement of 
cargo. 
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6. CONCOR: Container Corporation of India. Set up under the railway ministry, it 
currently has a monopoly over rail movement of containers (stuffed or empty) between 
port and hinterland container yards 
7. CWC: Central warehousing corporation. A public sector enterprise that that offers 
warehousing services, both bonded and unbounded to the trade. It is also the custodian of 
many container freight stations that act as customs gateway for international cargo. 
8. Local Transporter: Truck and tractor-trucks operators who transport containers and 
goods from the exporter's premises to the container yards. 
9. Surveyors: Organizations hired by carriers, shippers and forwarders to keep track of 
their stock and containers, at various premises. 
10. Port Authorities: The landlords of the port land and in the service port model of port 
operations, also the managers of the working of the port operations. 
1.7 CURRENT LOGISTICS PRACTICES AND TRENDS AND THEIR IMPACT 
ON INTERNATIONAL SUPPLY CHAIN MANAGEMENT SYSTEMS 
/ 
1.7.1 Third Party Logistics (3PL) 
Third-party logistics is the use of an outside company, a transportation carrier, a 
warehouse, or a third-party freight manager to perform all or part of a company's material 
management or product distribution functions. There are several reasons for this trend, 
the principal ones being. 
• Globalization of sourcing, manufacturing, and distribution leading increase in the 
complexity of material movement. 
• Competition that has forced companies towards, more responsiveness and a reduction 
in inventories. Increased need for small but frequent shipments with 100% reliability, 
requiring core competence in logistics management. 
V 
• Resource constraints that require companies to concentrate only on their core 
manufacturing or new product development activities. 
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Table 2 - Assets and Levers - Transition to 3 PL 
Traditional asset 
Space 
Local understanding of 
market, regulations & 
customs 







Better value offer 
3PL offer 
Turnkey warehouse 
management and movement 





Global seamless logistics 
Source: E. Time Knowledge Series. Supply Chain & Logistics Management 2002 
3PL organizations endeavor to leverage their traditional assets like space, trucks and local 
knowledge into solutions that can be offered as products to the industry. As an example a 
company that has ownership over a fleet of trucks is able to create an offer a solution 
wherein customers are invoiced on the basis of the weight of the shipment they wish to 
transport, in contrast to a per lorry rate per trip. 
L7.2 Multi User Facilities 
Multi user facilities for warehousing and distribution answer the most critical 
requirements of today's businesses - reducing the supply chain cycle time and costs. 
Multi user facilities are used for stockholding product customization and distribution. 
Distribution often implies inventories of finished or semi-finished products delivered 
from a factory to the distribution center and then to the customers. Some centers act as 
final customization points where the final assembly of such things as power supplies and 
power cards is done, thus delaying product differentiation. In recent years, advances in 
information and automation technologies and also innovative practices such as cross-
docking have contributed to the development of this concept. 
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The Advantages offered by multi user facilities are as follows 
Variable pricing structure 
The most significant aspect of a multi user facility is the ability to render services on a 
" Variable Cost model". In a dedicated facility, the costs incurred by the services provider 
are fixed, except for the cost of handling materials. Hence, there the pricing pattern 
adopted is a variation of the "Cost Plus model" where it is not possible to amortize costs 
directly in proportion to the volumes transacted. In a multi user facility, resources not 
used by one customer are used for another, and can be charged to the customer on a 
transactional cost basis. This ''^Pay as you use" pricing model ensures that the customers 
can plan for their logistics costs as varying in proportion with volumes. 
Range of Services under one roof 
Multi user facilities offer integrated logistics services under one roof including customs 
clearance, storage, physical distribution and also a variety of value added services to suit 
customers' requirements. They provide the entire gamut of logistics services from 
customs clearance, freight forwarding, and storage to primary & secondary distribution. 
The logistics centers are equipped with the relevant facilities like material handing 
equipment, appropriate warehousing facilities and sometimes are coupled with fleet of 
vehicles. The costs of transportation can also be minimized by proper networking and 
using "hub and spoke" patterns of distribution, with the logistics centers as the 
consolidation points. 
Value Added Services 
With the boundaries of logistics management constantly expanding, even differentiation 
between manufacturing and supply chain management functions are fading. More and 
more activities like packaging finished goods, reconfiguring raw materials/finished goods 
kitting and labeling, are increasingly being done as value added services by logistics 
providers. Similarly services which were earlier part of the sales & quality control 
functions like pre-delivery quality inspection. Reverse logistics, Payment Collection and 
banking, conforming to sales tax, excise duty requirements etc., are also being handled as 
value added services. 
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Flexibility 
Flexible operations are vital in non standard situations such as varying shipment size and 
fluctuating demand. 
Information Technology: 
Multi user logistics centers are equipped with a variety of softwares. Such advanced 
softwares include Operations Research Models, Decision Support Systems, Track and 
Trace softwares and WMSs to support distribution patterns and planning for better 
resource management. 
1.7.3 Merge in Transit 
It is increasingly common for a complete product actually to be a system that is 
comprised of multiple components from various sources. Customers however view each 
order as a single product, requiring a single delivery. The time required to direct 
personnel and dedicate physical resources to manage multiple in-coming shipments is not 
only inconvenient, it's costly. Through Merge-In-Transit, multi-component orders are 
combined for a single delivery. Not only does Merge-In-Transit reduce the 
inconvenience to consumers by eliminating multiple deliveries, it minimizes the number 
of stocking locations from which products are picked. Stocking location can also be 
eliminated. Shipment can come direct from manufacturing and merge in the field .Hence 
it is possible to virtually eliminate inventory sites. 
1.7.4 Integrated Supply Chain Networks 
Under the philosophy of integrated supply chain network a group of independent 
companies, often located in different countries, form a strategic alliance with the common 
goal of designing, manufacturing, and deliveriijgr right-quality products to customer 
groups faster than competing alliance groups./Such networks are common in all industrial 
sectors including the automobile, pharmaceutical, aerospace, electronics, computer, food, 
and apparel industries. The lowering of trade barriers by various countries, combined 
with rapid advances in logistics and information technology, has led to the distribution of 
manufacturing across global networks. 
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In global manufacturing, components may be sourced from several countries, assembled 
in yet another country, and distributed to the customers all over the world. These 
networks are not generally under single ownership but are group formations of 
independent companies in alliance for a specific objective. They compete with similar 
cooperating networks. Each company in the alliance group specializes in its core 
competence, and the membership covers all competencies that are critical to the mission 
of value delivery to the customers. In a successful manufacturing supply chain , the 
critical competencies include product design and development, process design, 
production, distribution, logistics, product maintenance, information systems and 
processing, etc. Since it is unlikely for a single company to have world-class 
competencies in all these areas ,well formed networks are required. A strategically 
formed integrated network can provide an enduring competitive edge. 
As a result the location, size, and organization of various facilities, such as warehouses, 
distribution centers, and procurement and service offices are important strategic issues in 
am manufacturing network. Location of facilities in several countries increases the 
complexity of shipment coordination, scheduling, transportation and management of in-
transit inventory. ^-^ 
Staged Manufacturing : Manufacturing may be done in a single stage form raw materials 
to components to subassemblies to assemblies. It could also be done in multiple stages by 
locating factories for different stages in various countries. Sometimes it is cheaper to ship 
components and subassemblies over long distances than to ship finished products. 
Decisions regarding the number of stages of the manufacturing activity and the 
customization stage at which the product is earmariced for the customer can profoundly 
influence the supply chain design and logistics coSt. 
1.7.5 Electronic Data Interchange - EDI 
EDI is the enabling technology for computer to computer communications. 
Unfortunately, similar to the human spoken language, depending on organization 
preference, there are different EDI formats. 
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Commonly touted as the mean to eliminate double data entry, the value in EDI is the 
exchange of electronic documents that link business processes between Companies. It is 
in this space, where Customer Focused Supply Chain Management Solution is being 
conceptualized. 
The various types of format are: 
ANSI XI2 
The acronym stands for American National Standard Institute. A North America Standard 
and is mostly deployed by American Companies. 
EDIFACT 
The acronym stands for Electronic Data Interchange for Administration, Commerce and 
Transport. EDIFACT is an International standard and mostly deployed by European 
Companies. The codes for the various messages are in alphabets. 
XML 
The acronym stands for Extensible Markup Language. Markup Language is a mechanism 
to identify structures in a document. XML is^^fie current "EDI technology" for 
exchanging structured business documents oyejyme Web. 
Rosetta Net 
A self-funded, non-profit organization, RosettaNet is a consortium of major Information 
Technology, Electronic Components and Semiconductor Manufacturing companies 
working to create and implement industry-wide, open e-business process standards. 
RosettaNet standards form a common -business language, aligning processes between 
supply chain partners on a global basis. 
Flat File Format 
This format is widely used by Companies who have in-house IT programming 
department and who do not have the expensive EDI translator toolbox. 
1.7.6 Information Systems in Logistics 
Success in logistical operations depends in satisfying the collective informational needs 
of the logistics partners by integrating data from multiple and disparate origins. 
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Information is pivotal in a commercial relationship. Logistics companies are usmg IT to 
gain competitive advantage. They enhance the quality of service offered through broad 
applications of several information-based technologies. 
1. Bar-coding and scanning allow companies to selectively track and report on shipment 
status 24 hours a day, seven days per week, simply by calling a toll-free number. 
2. Truck drivers carry computer clipboards that utilize digital pen-based technology to 
sequence routes and collect delivery information.. The clipboard allows the driver to 
digitally record the shipment recipient's signature to provide receipt verification. 
3. Cellular phone technology (GSM) and Global positioning system (GPS) allow drivers 
to transmit real-time tracking information from their trucks to the company's central 
computers. These technologies provide electronic data storage and retrieval to track 
the company's millions of daily deliveries around the globe. 
1.7.7 Vendor-Managed Inventory ^' 
Vendor Managed Inventory (VMI) is an alternative to manage the uncertainty in stock 
demand. In VMI, the customer shares their actual material usage, potential demand on 
the product, and the current on-hands inventory level with their suppliers. To assist the 
supplier on the inventory level to maintain, the customer, based on the product life cycle 
requirements, set a minimum and maximum stocking level for the inventory. A key 
feature in VMI is that the suppliers have to maintain the customer's inventory within the 
specified inventory levels. The customer pays only when the inventory is used or 
consumed. Typically, the customer is responsible for inventory level firmed in the new 
forecast. For example, the customer may provide an 8 week rolling forecast with 2 weeks 
finjied demand. The customer is responsible for the inventory firmed for the 2 weeks. 
1.7.8 Fourth Party Logistics (4PL) 
4PLs (Fourth party logistics) companies are suppliers which have the expertise to manage 
resources, value delivery processes and technology for its clients in order to allow its 
clients to totally outsource its logistics management activity. The 4PLs do not compete 
with 3PLs as they have superior expertise in their respective fields by virtue of their 
investment and specialization. 
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4PL providers do not own assets for transportation or warehousing, but rather leverage 
the solutions created by 3PL providers, in order to identify and provide 'best in class' 
services to their clients .There are many variations to the 4PL model that are practiced. 
4PL models 
A) Lead logistics Provider 
The 4PL provider acts as an in-house freight management company. The 4PL might or 
might not have a role in selection of 3PL partners. The 4PL takes care of transport 
invoicing and monitoring of the performance of the 3PLs 
Fig. 1 - 4PL MODEL A 
Source: E. Time Knowledge Series. Supply Chain & Logistics Management 2002 
B) Solution Integrator 
In this variant of the model the 4PL acts as the integrator of various 3PLS and acts as a 
single window for freight negotiations, 3PL selection and freight management on behalf 
of its client. 
Fig.2 - 4PL MODEL B 
Source: E. Time Knowledge Series. Supply Chain & Logistics Management 2002 
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C) Industry Innovator 
Under this model the 4P1 uses its expertise and resources to create a solution not for any 
single client but for offering 4PL services to a number of clients in an industry. 
Fig.3 - 4PL MODEL C 
Source: E. Time Knowledge Series. Supply Chain & Logistics Management 2002 
Services provided by a 4PL provider are 
• Freight Negotiations with 3PLs 
• Freight Contract Management 
• Transport billing 
• Continuous improvement programs 
• Management of service providers 
• IT solutions 
• Risk management and insurance 
' Cash flow management 
1.7.9 Reverse Logistics 
Increasingly, as a strategy, to compete on services, companies offer repair and 
replacement services for their products under the warranty periods. The defective 
products are often shipped across international borders to common repair centres to be 
refurbished and returned to the originating station. Logistics service providers who offer 
these services have to tackle issues pertaining to duty payment on refurbished products, 
customs documentation and establishing of collection points for repair for the customers. 
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L8 STATEMENT OF THE RESEARCH PROBLEM 
The emergence of J.I.T philosophy and modem supply chain management concepts has 
placed demands on the infrastructure for international movement of containerized cargo 
to give dependable performance on lead-times. Modem logistics practices also demand 
policy support and user friendly procedures for their effective implementation. 
However it has been observed that the performance of intemational supply chains, which 
consists of both public institutions and public and private service providers, does not 
remain consistent. Firms whose operations are dependant on their intemational supply 
lines incur losses arising because of supply chain failures. 
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It is also observed that concepts and practices that have been executed successfully in the 
domain of domestic logistics are not easily executable in the domain of international 
supply chains. 
International containerized supply chains move through shared infrastructure and 
services. Infrastructure in the Indian context is choked, is working above capacity and is 
often the cause of breakdown in the supply chains due to terminal congestion and 
hardware failure. Expansion of the infrastructure as well as its maintenance is capital 
extensive. Because of these constraints there is need for the software of international 
trade to perform efficiently. 
The software however is a complex interaction of the players that constitute the supply 
chain, various processes, procedures and different logistics and commercial models. 
The impact of this software on supply chain performance needs to be studied and 
understood. It needs to be explored if better performance of the software can improve the 
efficiency of the supply chain for containerized ocean freight to and from India. In light 
of the above and on examining the various elements of supply chain design the following 
questions can be posed regarding the state of the supply chain for containerized cargo 
Is the supply chain meeting the demands placed on it by modem supply chain concepts 
and practices? 
Is there balance in supply chain design? Does it ensure balance in terms of types of 
processes, distribution of activities evenly across all points in the chain, types of 
documentation and interaction amongst players? 
Does the supply chain for containerized ocean have necessary mechanism for self 
management, and self correction? Are processes in place for irregularity handling and 
escalation? 
Are the responsibility of processes, custody of shipment and origin of cost synchronized 
with each other to ensure minimum transaction cost and consistent lead-times? 
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Is significant variation in lead times caused due factors in supply chain design such as 
• Nature of processes. 
• Ownership of the various processes 
• Change in ownership of processes 
• Changeincustody of the shipment 
Do freight management decisions have impact on the efficiency of the supply chain for 
international movement of containerized cargo? 
Does the regulatory framework enable modem supply chain management concepts and 
logistics practices to be implemented? 
The research problem thus is to study the software of supply chain management systems 
for containerized ocean freight and to examine if there are areas were there possibilities 
to improve its efficiency 
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UNCTAD standing committee on developing services sectors. "Multimodal Transport 
Handbook for Officials and Practitioners, lINCi:AB/SSD/MT/Misc/Rev.l. (1996)" 
Retrieved from UNCTAD secretariat New York and Geneva. 
Imp ://rO. unctad. or^/en/puh/pu96^5en. htm #SITEB 1 
Problems addressed : The need to set out basic concepts of multimodal transport. To 
identify problems and pitfalls, possible solutions and major issues to be tackled by 
private and public sector in the process of developing multimodal transport in a country / 
Conclusions: The handbook recommends the adapting of commercial practices to 
international standards and removing un-necessary trade barriers within the economic, 
social and political context of a country. In its work program on shipping, ports and 
multimodal transport, the standing committee on developing services sectors, prepared 
this reference docimient for officials and practitioners. The handbook offers an open 
ended and non- exhaustive list of ways and means to improve the competitiveness of the 
international trade of a country. The methods identified are, the improving of quality and 
reducing the associated costs of international transport and reducing possible transaction 
costs. 
In the various chapters the handbook examines the following issues 
A cross sectional approach to multimodal transport 
Issues pertinent to government institutions 
Issues pertinent to transport users 
Issues pertinent to transport service providers 
A facilitation program for joint action. 
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Trade and Development Board. United Nations Conference on Trade and Development. 
"Development of multimodal transport and logistics services TD/B/com.3/em.20/2. 
(Geneva, September 2003)" Report by the UNCTAD secretariat presented by 
commission on enterprise, business facilitation and development expert meeting on 
the development of multimodal transport and logistics services .Retrieved through 
UNCTAD secretariat Geneva. http://www.unctad.Org/eu/docs//c3em20d2 en.pdf 
Problems Addressed : The report states that for least developed and land-locked 
countries, there exists the danger of increased marginalization, with absence of 
multimodal transport and logistics services becoming a serious obstacle to trade. Low 
trade volumes, in turn, make it less likely that transport operators will provide the 
required services. This is identified as a vicious cycle that needs to be broken. The 
determinants of inexpensive and high-quality transport and logistics services include 
exogenous factors, such as distance or total trade volumes. The problem identified is that 
the cost and quality of multimodal transport and logistics services are increasingly 
relevant for the participation of developing countries in the globalized economy. It 
estimated that a doubling of transport costs leads to a drop in the economic growth rate of 
more than half a percentage point and that variables related to transport costs account for 
more than two/tmrds of the statistical variation in per capita income between countries. 
Conclusions: The need was stated as one for more complete logistics services, involving 
the use of ICT and multimodal transport operations which have a service provider 
assuming responsibility for the entire transport chain. This type of service is often not 
available in developing countries, and practically non-existent in LDCs and landlocked 
countries. The report identifies areas where the pubhc sector can make a difference. Such 
areas where obstacles to multimodal transport and logistics services exist are grouped 
into (a) infrastructure and technologies, (b) security and safety, (c) facilitation, (d) legal 
aspects and (e) markef access. While necessary action in many cases has to be taken at 
the national level, there are important areas where the international community should 
provide assistance through coordination, technical assistance, multilateral agreements and 
common legal frameworks. 
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Jayanta Roy, "Trade Facilitation. The World Bank Experience" (1998) .A Paper 
Presented at the Trade Facilitation Symposium, World Trade Organization (WTO), 
Geneva March 9-10. 1998 
Problems Addressed :This paper covers some of the work in this area the World Bank has 
been involved with. It does not claim to be exhaustive, since trade facilitation features in 
several of the Bank's activities which are - project lending (transport), adjustment lending 
(customs, quality standards and simplification of procedures), technical assistance loans 
(modernizing customs) and economic and sector work (export promotion and 
competition). 
Conclusions: As per the author the Bank's role in transport facilitation should promote 
the following: 
- Inter-modal coordination 
- Increasing operational efficiency 
- Promote trade between neighboring countries. 
- A catalyst for participation in international agreements. 
- The role of the private sector with emphasis on encouraging some amount of 
deregulation within highly regulated areas. The paper discusses project wise findings and 
recommendations on the various world bank fiinded projects on logistics. 
John Raven. "The World Bank Global Facilitation Partnership for transportation and 
trade and transport facilitation .A toolkit for audit, analysis and remedial action." 
(2001) lutp://w\\n\\M'orUlhaitk'.org/htinl/fpd/trunsport/puhlical/t\vu-46.p(lf 
Problems Addressed : The need to provide an audit methodology to examme and 
evaluate difficulties and obstacles presented to the cross- frontier movement of a routine 
consignment and means of associated payment. The need for testing methods and 
principles for a facilitation audit procedure. 
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"Trade and Transport Facilitation - An Audit Methodology", published by the World 
Bank in April 2000, was intended for practical application in the broad context of Bank 
lending and project assessments. This paper is an expansion of the same report and 
includes a summary references of Analysis and Remedial Action 
Conclusions : Facilitation in developing countries needs to be completely revised to offer 
any useful material to help accelerate progress in advanced economies. The paper 
outlines an account for a Facilitation Audit procedure consists of an explanatory 
introduction, a set of questiormaires designed to support and structure personal 
interviews, a note on the analysis and interpretation of the results of these interviews and 
suggestions for organizing practical remedial action. The resulting range of possible 
situations rules out any attempt to offer prescriptive solutions, which must, in any event, 
depend on preceding audit and analysis. The paper, therefore, is cast in general terms, 
opening up approaches, identifying possible sources of help, signposting obstacles and 
outlining some broad remedial techniques. The paper considers remedial action in 
relation to: 
• Core functions 
• Customs 
• Port operation 
• Transport services 
• Payment systems 





• Performance measurement and costing 
H. Van Dyke Parunak, Robert Savit, Rick L. Riolo. "Agent-Based Modeling vs. 
Equation-Based Modeling: A Case Study and Users' Guide" (1998). 
.http://www.erim.org,/~vpanmak/mabs98.pdf 
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Problems Addressed : In many domains, agent-based system modeling competes with 
Equation-based approaches that identify system variables and evaluate or integrate sets of 
equations relating these variables. The paper identifies the need to summarize the 
similarities and differences of these two classes of models, and to develop criteria for 
selecting one or the other approach. 
Conclusions: Virtually all computer-based modeling of industrial supply networks up to 
this point have used system dynamics, an approach based on ordinary differential 
equations (ODE's). This paper sunmiarizes the domain of supply networks and illustrates 
how they can be modeled both with agents and with equations. In many domains, agent-
based modeling competes with equation-based approaches that identify system variables 
and evaluate or integrate sets of equations relating these variables. Both approaches 
simulate the system by constructing a model and executing it on a computer. The 
differences are in the form of the model and how it is executed. In agent-based modeling 
JABM), the model consists of a set of agents that encapsulate the behaviors of the various 
individuals that make up the system, and execution consists of emulating these behaviors. 
In equation-based modeling (EBM), the model is a set of equations, and execution 
consists of evaluating them. Thus "simulation" is the general term that applies to both 
methods, which are distinguished as (agent^baSed) emulation and (equation-based) 
evaluation. 
M Henig, Y. Gerchak, R. Ernst and D. Pike. "An Inventory Model Embedded in 
Designing a Supply Contract." (1997) Management Science 43:184-197, 1997 
Problems Addressed: Explore the joint optimization of contract parameter and inventory 
control policy in an environment characterized by demand uncertainty in order to specify 
the frequency of, and volume for, future deliveries. 
Conclusions: The difference in costs can be significant when comparing the cost of 
suboptimal policies, in conjunction with the best contract volume, to those of the optimal 
inventory policy and associated contract volume. 
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J. L. Heskett. "Logistics-Essential to Strategy." (1997) Harvard Business Review 55:85-
96,1977. 
Problems Addressed: Many firms develop competitive logistics strategies based in part 
on concepts like postponement, standardization, consolidation & differentiation. Firms 
redesign systems to provide more effective support for corporate strategy. 
Conclusions: The report finds that logistics management must participate in strategic 
decision making. Argues that globalization will have a huge impact on the importance of 
good logistics design and development within corporate strategy. 
Fangruo Chen, Awi Federgruen. "Mean-Variance Analysis of Basic Inventory Models" 
(2000). http://facultvJnsead.edu/toktav/SCM%20PHD/Chen Federgruen 2001.pdf 
Problems Addressed : While financial planning models often involve a systematic trade-
off analysis between an expected return criterion and a specific risk measure, this type of 
analysis is conspicuously absent in virtually all operational planning models under 
imcertainty. This paper focuses on several basic inventory models with the same 
approach as used in the financial planning models. 
Conclusions: The standard treatments of these models connect themselves to the 
optimization of the expected value of a given cost or time measure, without any 
consideration of a risk measiu^. The paper revisits these models, exhibiting how a 
systematic mean-variance tradeoff analysis can be carried out efficientiy, and how the 
resulting inventory strategies differ fiwm those obtained inlheitondard analyses. 
H. Van Dyke Parunak, Robert Savit, Rick L. Riolo, Steven J. Clark. DASCh: "Dynamic 
Analysis of Supply Chains" (1999;. DASCh Final Report, Part 0: Executive 
Summary 1999, www.erim.org/~vparunak/dasch99.pdf 
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Problems Addressed :Modem manufacturing is moving away from vertically integrated 
companies that control all aspects of production and distribution, toward networks of 
independent suppliers and distributors. These supply networks address a number of 
business needs, including concentration on core competencies and the ability to respond 
rapidly to unanticipated change. However, they present significant operational 
challenges. Many of these challenges are driven by the dynamical behavior of the supply 
chain as its members interact with one another. Data analytic approaches are not effective 
in understanding these dynamics, because the commercial enviroimient changes too 
rapidly to permit the collection of consistent data series long enough to support statistical 
requirements. 
Conclusions : The DASCh approach is more faithfiil than equation-based modeling, and 
better supports the increasingly decentralized nature of supply chains. DASCh takes the 
approach of constructing and experimenting with an agent-based emulation model of the 
system that can maintain a given set of conditions as long as desired. Simulation 
approaches experiment with an executable model of the system. In most cases these 
models are in support of one or the other of the previous two approaches(Control Theory 
and Classical Operations Research approach) . Virtually all simulation works, to date, 
models the supply chain as a set of differential equations and then integrates these 
equations over time. DASCh uses agejrt-based modeling, representing the various 
components of the supply chain by software agents that emulate their actual behaviors. 
S. Gavireni, R. Kapuscinski, and S. Tayur. "Value of Information in Capacitated 
Supply Chains." (1998) Quantitative Models for Supply Chain Management, Eds. 
Magazine, Kluwer: Cambridge. 
Problems Addressed: The degree of cooperation varies significantly from one supply 
chain to another. How much cooperation and coordination is needed for firms to derive 
the benefits of improved relationship. 
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Conclusions: Information is most beneficial at moderate variances. The benefit of 
information flow is higher at higher capacities. If the variance of the demand seen by the 
customer is small, we can expect the benefit of information flow to increase with increase 
in penalty cost. 
. J. Gentry. "The role of carriers in buyer-supplier strategic partnerships: A supply chain 
management approach." (1996) Journal of Business Logistics 17:33-55, 1996. 
Problems Addressed: Reports on the nature and degree of carrier involvement within 
buyer-supplier strategic partnerships. 
Conclusions: : Study indicates that three way relationships are typical. Therefore, buyer-
supplier partnerships can establish a solid foundation for the formation of successful 
Supply Chains over time. There is a need to integrate carrier operations into overall 
buyer-supplier planning. 
Levent V. Orman. "A Model Management Approach to Business Process Reengineering" 
(1995) Paper presented at 'Inaugural Americas conference on information system 
1995' Association for information systems. Retrieved from 
littp://lisb.bavlor.edu/ramsower/acis/papers/orman. htm. 
Problems Addressed : As per the author there isyconsiderable anecdotal evidence that 
even small changes in the use of information technology (IT) in an organization may 
require major restructuring of the organization to take full advantage of the efficiencies 
created by the technology. y^ 
Conclusions : There is considerable evidence that without major restructuring, the 
introduction of IT may not produce savings needed even to justify the investment . This 
article takes a prescriptive and analytical approach to Business Process processes, and to 
provide guidance and analytical tools for the reengineering efforts. In the process, a 
number of organizational issues are explained and quantified, including the concentration 
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of power on top, the need for business process reengineering after the introduction of IT, 
the exact conditions under which IT may lead to centralized structures, and the exact 
location and nature of those structural changes. The paper describes Business Process 
Reengineering as the popular term for re-optimization of organizational processes and 
structures foIIo\\jifig the introduction of new information technologies into an 
organization. 
UNCTAD "Review of maritime transport" (2003). 
http:/7www.unctad.or^/Templates/WehFlver.asp?intItemID=2615&lan^= I 
Problems Addressed: The Review of Maritime Transport, an armual publication prepared 
by the UNCTAD secretariat, provides comprehensive and up-to-date statistics and 
information on maritime and ancillary services. 
Conclusions: The Review focuses on developments concerning maritime activities in 
developing countries as compared with other groups of countries. It provides a complete 
view of the development of world seaborne trade, world fleet size by principal types of 
vessel, ownership of the world fleet by countries of registration, fleet development, 
tonnage oversupply, the average age of the world fleet, productivity, and freight markets 
and rates. The Review also contains chapters on port development, including container 
port traffic and container terminal throughput, as well as developments in trade and 
transport efficiency. 
The 2003 edition indicates that world output grew by 1.9 per cent in 2002 and world 
seaborne trade (goods loaded) increased by 2.5 per cent. Indicators for world fleet 
productivity (calculated in tons carried per DWT and thousands of ton-miles per DWT) 
showed decreases of 1.4 and 1.8 per cent from the figures for 2001. World container port 
traffic expanded by 2.2 per cent over that of the previous year, reaching 236.7 million 
TEUs. The ports of developing countries handled 96.6 million TEUs, or 40.8 per cent of 
the total. 
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Philippe Rapatout, "Door-to-Door Transport Chains" (2001) retrieved from 
l}ttp://www.ciiropeaiishippers.com/puhlic 
Problems Addressed: Transport operators need to be more fully integrated and involved 
in the shipper's supply chain process, including planning and long-term market 
projections as part of the shipper's decision making and planning arrangements. This calls 
for closer relationships between all involved in the transport and logistics supply chain. 
Also the supply chain dynamics have important implications for government smce the 
transport, and particularly maritime transport has been traditionally heavily regulated by 
government 
Conclusions: The author states it is clear to all in industry and to policy makers generally 
that the integration of the industrial process and development of a seamless supply chain 
has had a profound impact of modem industrial processes, and on how markets are both 
supplied and served. This has been accompanied by the intensification of international 
competition and the development of the global market that is driven by higher demands 
for improved performance and quality to meet customer wishes. The presentation 
presented ESC's view that there are two important implications for both government and 
for transport operators. The summary of the presentation is as follows: 
The optimization of transport supply chains is a crucial factor in reducing transport costs 
and improving efficiency, which is the main goal for all involved in the door-to-door 
inter-modal supply chains. The paper states that use of best practices, benchmarking and 
service performance/key performance indicators by all involved in the supply chain is the 
means for improving efficiency and reducing costs. As per the presenter, it was clearly 
appropriate for governments to regulate or have oversight on matters related to safety and 
environmental standards, as it, no longer has a role, in the view of shippers, in the 
regulation of the market. The role of government has therefore subtly moved from 
regulator to facilitator. 
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The paper concluded that by assuming the role of facilitator government will be able to 
assist industry in improving its competitiveness, efficiency and performance. By adopting 
a supply chain approach, focusing on the responsibilities and roles of all those involved 
in the maritime transport chain, it will enable government to identify appropriate 
infrastructure and paper bottlenecks and other inefficiencies which may require 
legislative or other remedial action. 
Anupam B. Rastogi ".A review of sectors. The infi-astructure sector in India 2000- 01" 
(2002) India Infrastructure report, Government of India, Ministry of finance, 
http://www.3inetwork.org/reports/IIR2002/html/contents.html 
Problems Addressed: The report discusses in great detail the current status of 
infrastructure in India and the future plan of action. It also gives the summary of the 
infrastructure Sector in the Report of the PM's Economic Advisory Council. The 
council's report on economy laid emphasis on investments in economic infrastructure if 
India is to achieve a growth target of 8 per cent during the Tenth Five Year Plan. 
Conclusions: Private sector investments were muted because the pre-conditions for 
successful large scale entry of the private sector were not yet met. Two main reasons 
provided in the report were inadequate user charges and regulatory uncertainty. While 
infrastructure remains an exclusive public sector monopoly, the rationalization of user 
charges in infi-astructure is absolutely vital. A regulatory regime that is seen to be fair to 
consjtlmers and also sensitive to the legitimate needs of investors, is absolutely essential. 
/ 
Roads 
The council suggested that the private sector be encouraged to participate in road projects 
through the BOT (build, operate, transfer)/ Annuity system as 'EPC (engineering, 
procurement and construction), and O&M (operations and maintenance) contracts be 
merged and given to the same contractor who would be responsible for construction and 
maintenance of the road during the concession period. 
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According to the committee, private sector made little progress for so long because the 
government found it more attractive to raise money cheaply through risk-less gilt-edged 
debt, rather than paying the private sector's capital costs with their risk-premium. 
Ports 
The existing port trusts should be corporatized and turned into landlord ports that would 
then invite different operators, both public and private, to invest in cargo handling and 
port infrastructure services. The ports as such should concentrate on the development of 
common user general cargo facilities. Rather than fresh ports, it suggested existing ports 
be optimally utilized through improving efficiency and enhancing investments. Tariff 
fixing is no longer necessary as intra-port and inter-port competition will ensure 
competitive pricing of services. 
Railways 
The council strongly recommended de-politicization of Railways, rationalization of user 
charges and corporatization of production units. Railways have a key role in initiating 
development of the key inter- and trans-modal facilities. 
G Raghuram, "Logistics infrastructure in India and its implications for supply chain 
management". (Oct. 1999) Paper presented at T CII international conference on 
logistics. Retrieved from Logistics 99, Conference Presentations, Confederation of 
Indian Industry. 
Problems Addressed: The focus of this paper is to examine the supplier user linkages, 
both from the perspective of the suppliers and users. The author studies the market 
environment, status and trends, and supplier user interface. The paper documents the 
status infrastructure in India, namely the status of railways, roads ,ports, trucking 
companies, shipping companies, MTOs, business logistics services, pipelines material 
handling and warehousing. 
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Conclusions: The paper concludes that the major bottlenecks in infrastructure 
management are: (a) generating resources, (b) using them effectively in asset creation, 
and (c) effective and efficient operations management .The author recommends that 
infrastructure providers should reorganize themselves along business divisions and 
reorient their outlook to fit into the logistics requirements of their customers .It is stated 
that infrastructure providers should analyze market segmentation ,costs and benefits for 
various alternatives (both from the customer segment and infrastructure providers' 
perspective ) for adding value to their services. 
Prof M.G.Korgaonker. "Logistics and supply chain management in India". (Oct. 
1999).Paper presented at 2"'' CII international conference on logistics. Retrieved 
from Logistics 99, Conference Presentations, Confederation of Indian Industry. 
Chennai. 
Problems Addressed: The paper presents a snapshot of the performance of the Indian 
industry in the management of supply chains and logistics. 
Conclusions: The author proposes the following variables for measurement of 
performance. 
• Logistics cost, expressed as a suitable ratio of value added or sales. 
• Inventory levels, measured in terms of suitable structural and performance ratios. 
• Delivery and supply performance measured in terms of speed of deliveries/supplies or 
on time deliveries/supplies. 
• Customer service levels and customer retention rates. 
• Quality levels, measured in terms of degree of non conformance and addition to the 
cost of quality. 
• Impact on market position. 
The author states that though the above are measures of performance at a firm's level the 
same can be used for measuring the performance at a macro level. 
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The paper however is limited to discussing the above measures at the domestic industry 
level and does not discuss it in the context of international trade. 
In conclusion the author presents the following issues for consideration 
• Increasing functional focus on LSCM activity by appropriate restructuring and 
positioning. 
• A greater openness to review manufacturing processes with a focus on improving the 
supply chain. 
• Increased focus on vendor development and outsourcing to rely more on one's 
competence. 
• Given the mode choices available, the users would now be able to decide on the 
correct combinations of modes. 
• Most infrastructural services can provide value addition to the customer by 
appropriately extending the scope of the services, keeping in mind customer needs. 
• Sharing of information with the customers and improving the quality of such 
information. 
Prof Janat Shah "Supply Chain Performance: Role of Supply Chain Practices & 
Environmental Factors" (June 2003) .Paper presented at Third Seminar and 
workshop. Council of logistics Management 6' June 2003. Retrieved from 
conference presentation, Council of logistics Management Delhi. 
Problems Addressed: The paper addressed the following issues 
Analysis of Logistics performance: Indian Industry 
• Role of Environmental factors 











The author identified environmental factors inhibiting SCM performance as 




In summary the factors for enhancing logistics performance were stated as 
Improve supply chain practices 
Integrate, SCM practices, organizational issues & technology 
Influence industry practices & government using industry forums 
Redesign supply chain to take care of environmental changes 
G Raghuram, "Solution framework for supply chain management" (Oct. 1999) Paper 
presented at T CII international conference on logistics. Retrieved from Logistics 
99, Conference Presentations, and Confederation of Indian Industry. 
Problems Addressed: ^ 
The author states that certain broad directions for solutions to SCM problems need to be 
proposed for the three actors: shippers, suppliers and government. The background of the 
study was developments in IT, the possibilities in cost reduction and service levels and 
the need for coordination amongst shippers because of the complexity of SCM. 
Conclusions: The paper presented the following diagnostics for supply chain 
management 
• ABC analysis: Consumption wise, Lead time wise. Contribution wise. Customer 
wise. Region wise 
• Value chain cost structure analysis 
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• Trade off: Inventory-Transportation-Service level [opportunity cost] 
• Cycle time analysis 
• Role, Objectives, Organization ,Staffing, Coordination mechanisms 
• Inventory analysis: Location wise, Cause wise 
• Uncertainty analysis: Variances in demand, in lead time and quality 
• Linkages with manufacturing methods & systems 
The author recommended the formation of Internal Task Force and Cross Functional 
Teams along with the use of Consultants and solution providers 
N Rangaraj and G Raghuram, "Supply chain management: the imperative evolution" 
(Oct. 1999) Paper presented at 2"'' Cll international conference on logistics. 
Retrieved from Logistics 99, Conference Presentations, and Confederation of 
Indian Industry. 
Problems Addressed: The authors discuss the evolution of supply chain management, 
over the years from the earlier concept of logistics to its current status of an integral part 
of a firm's processes. The paper discusses the following 
• Flows in Supply Chains 
• Th ru st A reas of SC M 
• Decision Areas in Supply Chain Management 
• Physically Efficient versus Market Responsive Supply Chains 
/ 
Conclusions: In summary, the authors present the concept of value chain framework as 
one which provides a natural link between the concepts of logistics management and 
SCM. While logistics dealt with the efficient management of a static gap between 
demand and supply in a localised sense, SCM tries to capture the dynamic nature of the 
value creation itself (by looking at several competitive elements such as responsiveness, 
quality and design). In this context, it was concluded that profit maximisation over the 
long run emerges as the major goal in SCM, rather than cost minimisation, which is 
really only one of the factors contributing to profit maximisation. 
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Srinivisan.H.R "Gaining the Competitive Edge through 3PL Multi-Client Logistics 
Centre - The Back Bone of Third Party Logistics." (Oct. 1999) Paper presented at 
T Cll international conference on logistics. Retrieved from Logistics 99, 
Conference Presentations, and Confederation of Indian Industry. 
Problems Addressed: Discussing the definition of the problem the author identifies the 
need for a method to convert the existing 'fixed cost model' for warehousing and 
distribution to a 'variable cost model' as the area for research. The problem as per the 
author is that corporates traditionally dealt with the basic services of physical distribution 
and storage services independent of one another, through dedicated facilities. Costs, 
hence, were fixed and productivity enhancement was possible only through volume 
growth. 
Conclusions: The traditional Cost plus arrangement meant that the total costs had to be 
restated into a transactional base for internal use. The author highlights the benefits of 
3PL as given under 
1. Variable pricing structure 
2. Range of Services under one roof 
3. Value Added Services 
4. Sharing of resources 
5. Flexibility 
6. Information Technology 
7. Synergy in operations 
8. Innovation and Customization 
The author concludes that use of 3PLs Impact profitability significantly through better 
efficiencies, reduced operating costs, increased asset productivity and reduced working 
capital. 
K G Shenoy "Managing Supply Chain in Changed scenario." (June 2003) .Paper 
presented at Third Seminar and workshop Council of logistics Management 6''' ,hme 
2003. Retrieved from conference presentation. Council of logistics Management 
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Problems Addressed: The presentation discusses the ill effect of system inventories and 
discusses the shift from the push based approach to the pull based approach in supply 
chains with specificj^ference to the management of supply chains at M/s Mahindra and 
Mahindra. / 
Conclusions: The presentation discusses the relationship between forecast and planning 
and summarizes it as follows 
• Annual forecast to be used for capacity planning 
• Quarterly forecast to be used for resources planning (Materials & Manpower) 
• Month's forecast for resource commitment 
The paper concludes with the recommendation of sign off with vendors for the following: 
• Material Pick-up Frequencies 
• Mfg. unit Scheduling & Plan Procedures 
• Vendor FG Stock Policies 
• Agreement between TPL & Vendors on Pick Procedures, Pick time etc 
EC/EDI Division .Department of Commerce. "Coordinated EC/EDI implementation 
project" Report from the Web page of EC/EDI Council of India (2002) Retrieved 
from http://commerce, nic. in/ecedi. htm. 
Problems Addressed: To facilitate international trade a coordinated EC/EDl 
implementation project is underway in following departments/organizations: 
Customs 
Directorate General of Foreign Trade (DGFT) 
Apparel Export Promotion Council/Cotton & Textile Export Promotion Council 
Port Trusts 
Airport Authority of India (AAI) 
Container Corporation of India (CONCOR) 





• CHA/Freight Forwarders 
• Export Promotion Organization 
Conclusions: The project is ongoing and results are being discussed and implemented in 
various departments. y 
2.2 JUSTIFICATION FOR AREA OF RESEARCH 
From the review of past research done on the subject of supply chains it was observed 
that there were areas of gap when it came to the subject of international supply chains. 
Past researchers of supply chains have focused on supply chain issues pertaining to firms 
and even there, the perspective has not been on international supply chains. 
Literature available on international supply chains is restricted to study of logistics, 
practices of corporates and does not have a holistic perspective of the supply chain. There 
is also absence on methodology to study international supply chains which are complex 
interactions of multiple players and various issues that are associated with the movement 
of international freight. 
Work done in the area of international freight has been macro in nature. There has been 
work done on issues pertaining to government policy and trade facilitation through 
transport management. However no work has been done on the impact of the above 
issues on a firm's supply chain. Literature available in the area of containerized ocean 
freight is largely statistical in nature. 
Analysis of gap in research done on the subject indicates that there is need to take a 
holistic perspective of supply chains for containerized ocean freight. There is need for a 
study that could integrate the SCM objectives from a firm's point of view with the 
external software for international freight. This research takes an integrated process 
management approach to the various interactions between the players and studies the 
impact of those interactions on supply chain performance. The research is restricted to the 
study of the software for international containerized ocean freight. 
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2.3 OBJECTIVES OF RESEARCH. 
1. To map the supply chain for international containerized ocean freight .To study 
various elements of the supply chain, 
2. To study the composition of the supply chain and to document & analyze the 
following 
• Types of documentation 
• Types of processes, 
• Players 
• Ownership of processes, 
• Custody of cargo 
• Origin of costs. 
• Activity lead times 
3. To study the interrelation between the different elements of the supply chain 
4. To examine relationship between lead time variability with number of 
transactions per activity, ownership of process and custody of cargo. 
5. To study the impact of the lead-time for containerized cargo between JN Port and 
ICD Delhi, on requirement to carry inventory. 
6. To study the performance of the supply chain with respect to total lead-time and 
lead-time at various stages, for shipments moving between JN Port and ICD Delhi 
7. To study the performance of the supply chain in the context of the 'Just in Time' 
concept of supply chain management. 
8. To study the relationship between the customs clearance procedures and the total 
lead time of the supply chain for containerized ocean freight for exports. 
lA HYPOTHESIS \ 
• It is hypothesized that there is no correlation between lead time variability with 
number of transactions per activity. 
• It is hypothesized that there is no correlation between lead time variability and shift in 
responsibility (ownership of process) in an activity. 
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• It is hypothesized that there is no correlation between lead time variability and change 
in custody of cargo in an activity. 
• It is hypothesized that export shipments are able to achieve on time sailing 98% of the 
time. 
• It is hypothesized that export shipments are able to achieve on time sailing 40% of the 
time. 
• It is hypothesized that there is no significant difference between variations in activity 
lead time at different stages of the supply chain. 
• It is hypothesized that there is no correlation between the customs clearance 
procedures and the total lead time of the supply chain for containerized ocean freight 
for exports. 
2.5 TERMS COMMONLY USED IN THE REPORT 
• Activity: Specific task, job or function to be performed in order to export or 
import shipments through the supply chain. 
• Process: A series of activities or steps undertaken in order to achieve a particular 
objective. E.g. Regulatory processes of the supply chain 
• Lead Times: Lead time in the context of the report refers to the time taken to 
complete an activity or a process in the supply chain. 
• Lead time Variability: The existence of variation in the time taken in order to 
complete an activity or process in the supply chain. 
• Owner of process: The player of the supply chain, who has the primary 
responsibility for the completion of a particular process. 
• Change in ownership. When the succeeding process to any process, has to be 
completed by a new player of the supply chain. 
• Cost Centre for the Process: The player of the supply chain from where the basic 
cost for the process is originating. There might be other transaction costs other 







3.1 DATA COLLECTION 
3.L1 Data Collection for Mapping of the Supply Chain (Qualitative Data) 
A structured but open ended questionnaire was used for investigating the nature and 
organization of the supply chain. Five sets of questionnaires were used for different users 
of the supply chain system. The questionnaires were administered to 
1. Shipping Lines ^ 
2. Customs Officials 
3. CONCOR and CWC officials 
4. Exporters and Importers 
5. Freight Forwarders/Clearing Agents/Consolidators/ MTOs / NVOCCs / 
Consolidators 
The objective of the questionnaire was to investigate the following 
1. Interaction of the players of the supply chain amongst themselves 
2. The flow of physical cargo through the chain 
3. Processes supporting and controlling the flow of the physical cargo 
4. Identification of activities involved in management of the supply chain for 
exports 
5. Variation in lead time for the completion of the various activities 
6. Reasons for lead time variability 
The data collected through the above method was ordinal in nature 
Interview Method 
The method of personal interviews was used for collecting data on the design of the 
supply chain. The personal interviews though administrated through a questionnaire, 
were unstructured in nature. Based on the response of the respondents further probing 
was done. 
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3.1.2 Data Collection for Tracking of Shipments through the Supply Chain. 
(Quantitative Data) 
Primary data was collected by tracking the movement of actual shipments for three 
distinct supply chains for exports. The shipments were tracked by logging dates of 
completion of activities for pre defined events on a tracking sheet. The difference in the 
dates logged for various activities was used to calculate the activity lead times for various 
stages in the supply chain. ^ 
Format used for collection of data for tracking movement for shipments 
A) Exports Factory Stuffing 
Serial Number 
Container number 
Documents received on 
Actual container dispatch date 
Actual placement date 
Actual customs clearance date 





• House B/l number 
• Container number /Type of shipment 
• Sailing date 
• Actual date for arrival 
• Actual railing date 
• Planned arrival date 
• Actual arrival date 
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C) Exports, CFS stuffing; LCL consolidation 
• Serial Number 
• Number of packages and Volume (CBM) 
• Date documents received 
• Date cargo Received 
• Date cargo Carted at CFS 
• Date customs cleared 
• Date container stuffed 
• Date container railed 
• Sailing date ^ 
3.2 SAMPLE DESIGN 
3.2.1 Sample Design for Qualitative Data: 
The sample size for collection of qualitative data was 56. The composition of the same is 
as per the break up given below. 
A) Shippers: 10 ' 
B) Custom brokers: 10 -
C) Customs officers: 3 
D) Local transporters: 10 
E) Freight Forwarders/Consolidators: ID 
F) Shipping Lines: 10 
G) CONCOR: 3 
The selection of the respondents was done using the method of judgment sampling. The 
people interviewed were people holding managerial or decision making positions in their 
organizations. All respondents were linked in their professional capacity to the movement 
of cargo between the hinterland, namely Delhi and the port of Nava Sheva .They were 
users, service providers and officials linked to the ICDs and CFSs in the Delhi Area. The 
sample sizes are ndt large since the data being collected is on established procedures and 
practices and the oijtcome would not be different even if more respondents are contacted. 
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3.2.2 Sample Design for Quantitative Data: 
Quantitative data here refers to the actual recorded data pertaining to activity lead-times. 
This was recorded for sample shipments as they moved through the various stages of the 
supply chain and completed the activities of those stages. Sampling was done for 
collecting quantitative data because we wish to study the supply chain in totality. Since 
the total supply chain involves many players and multiple stages 100% data is not 
available in any domain. It is also not feasible to collect 100% data through observation 
since the study of all shipments being handled through various points in the infrastructure 
and using different freight models, would have required a very large degree of 
collaboration between all the players of the supply chain and a mandate from respective 
authorities.^ Because such data was not available sampling was done. The samples 
consisted of data compiled through tracking sheets for shipments belonging to supply 
chains of various players. Each sample pertained to a specific supply chain and for which 
the source of the data was same. The durations for which the samples were taken were 
different because the frequencies of occurrence of shipments were different for each 
shipment type. Because of the constraints on the availability of such data, convenience 
sampling was done. 
When the data was used for comparative analysis, in the study of reorder point equation, 
statistical correction for difference in sample size was done. For quantitative data the 
size of the samples were as follows 
CFS stuffed LCL shipments: 26 shipments 
ICD stuffed FCL shipments: 16 shipments 
Factory stuffed FCL shipments: 52 shipments 
ICD bound incoming LCL/FCL shipments: 26 shipments 
3.3 COMF^ItATION OF DATA 
I 
3.3.1 Compilation of Qualitative Data 
The data form the above questionnaire was complied and presented in the form of the 
following tables and illustrations. 
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A. Schematic diagrams of the supply chain 
B. Process flow diagrams. 
C. Gantt charts with optimistic and pessimistic estimates of time for each activity. 
D. Map of the supply chain for types of processes and interrelation of those 
processes. 
E. Map of supply chain in the form of work sheets, for ownership of processes, 
custody of cargo and cost origins. 
3.3.2 Rationale and Method for Various Mapping Techniques Used 
For the above compilation of data, to decide at the level and extent of mapping the 
processes in the supply chain, the following criterion was used to study the status of the 
shipment. 
A. Status and change in status of shipment as per physical flow: 
• Whether the shipment is in transit or warehoused 






• Position of the shipment with respect to the physical infrastructure 
B. Status and change in status of shipment as per regulatory control: 
• Pre-clearance 
• Post-clearance 
• Under customs or excise bond 
C. Status and change in status of shipment as per the player involved in a supply chain 
transaction. 
• Player who has the custody of the shipment 
• Player who has the ownership (responsibility) of the current process. 
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To study the supply chain the movement of a shipment was studied as it moved through 
various stages of the supply chain and underwent change in status with respect to the 
above criterion. 
• In Schematic Diagrams the above were mapped with respect to use of infrastructure 
• In Gantt Charts the status and change in status of the shipments were mapped with 
respect to timeline and types of processes. 
• In the interrelation work sheets, the above were mapped with respect of interrelation 
of physical flow with the information flowjofsupporting processes 
The objective behind using the different techniques was to study the occurrence of lead 
time variation in the supply chain and creation of a map for the composition of the supply 
chain. 
The Gantt Charts, Schematic Diagrams, Process Flow Diagrams, Work Sheets for 
interrelation between processes and shipment tracking sheets were prepared for the 
following supply chains, y^ 
• LCL Shipments: Custom cleared, consolidated and containerized at CFS. 
• ICD stuffed FCLs: Custom cleared and containerized at ICD. 
• Factory stuffed FCLs: Custom cleared at ICD, customs examined and stuffed at 
factory. 
3.3.3 Compilation of Quantitative Data 
The data from the tracking sheets was used to calculate the lead-times between various 
events and also the total lead time between port and ICD. The data was used to calculate 
/ central tendencies and the variance of lead-times for various activities in the supply chain 
and for different supply chains. The three supply chains mentioned above were classified 
on the basis of the organization of its elements. 
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3.4 ANALYSIS AND INTERPRETATION OF DATA 
The analysis of the supply chain was carried as explained under. 
• Analyzing the roles played by different players and analyzing their interactions. 
• Differentiating between variability due to waiting periods and variability in 
process completion times, in different types of processes by the use of Gantt 
Charts. 
• Identification of the points in the supply chain where these is an interaction 
between different types of processes, and examining their inter-dependence for 
the completion of supply chain processes, by the creation of interrelation tables. 
• After identification of the interrelation points above, examining relationship 
between lead time variability, in different activities, with shift in responsibilities 
and change in custody of cargo, using Spearman's rank correlation. 
• Qualitative analysis of the composition of the supply chain and the relationship of 
occurrence of lead time variability with various factors, using pie charts. 
• Examining the effect of lead time variability at various stages of the supply chain, 
by using Bartlett's test on quantitative data of sample shipment. 
• Examining the relationship between total lead time and the lead time for 
completion of processes related to the software of the supply chain using sample 
data. 
• Analyzing the impact of variability in lead times of different supply chains on 
inventory management. 
• Analyzing the performance of the supply chain to meet the requirements of on-
time delivery. ,, 
• Understanding the significance of various physical points in the supply chain and 
analyzing the activities carried out at those points, by the use of schematic 
diagrams 
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3.4.1 Analysis of Qualitative Data 
The data collected through the interview method was ordinal in nature. The data was 
qualitative and distribution free, hence it could be subjected to only non parametric tests. 
There were limitations even in the use of non parametric tests since the data could not be 
classified as a sample drawn from a population since the result of the data collection was 
a tabulation of existing and a finite set of activities. The output from the questionnaire 
was a documentation of the various processes of the supply chain. The analysis was done 
for the following three supply chains. 
• Factory Stuffed FCLs 
• ICD stuffed FCLs 
• CFS stuffed LCLs 
For each activity the type of process was noted. 
• Physical flow of cargo 
• Regulatory Processes (Information flow) 
• Processes controlling movement of cargo (Information flow) , 
Gantt charts were used to differentiate waiting times and process completion times. 
The Interrelation between physical flow and information flow was analyzed based on the 
above sheets. For FCLs further analysis was done in the following manner 
A. Ownership of process 
B. Custody of cargo 
C. Number of documents 
D. Change in ownership from preceding activity 
E. Change in custody from preceding activity 
F. Existence of variation In lead time for completion of that activity 
The above data was used to carry our root cause analysis of lead-time variability. 
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Analysis of each activity for relationship between lead time 
variability and different supply chain elements was done using percentage analysis and 
Spearman's rank correlation. 
v' 
The various activities were ranked for the following, for the use of Spearman's rank 
correlation. 
• Variation in lead-time 
• Shift in responsibility (present or absent) 
• Change in custody (present or absent) 
• Number of transactions 
The number of transactions was calculated as the sum of the following 
• Basic transaction for completion of current process 
• Transaction for change in ownership of process 
• Transaction for change in custody of cargo 
Spearman's rank correlation was then used to analyze the following. 
A) Correlation between shift in responsibility and lead time variability. 
B) Correlation between change in custody and lead time variability. 
C) Correlation between number of transactions per activity with lead time variability. 
Spearman's rank correlation test was used since it is a non parametric and distribution 
free test. It does not require the sample to be drawn from a normal population and hence 
it is appropriate for testing ordinal data. 
3.4.2 Analysis of Quantitative Data 
The shipment tracking sheets were analyzed using the following methods 
A) Descriptive statistics for the lead-times for various supply chains. The following 
descriptive statistics were calculated for the above samples 
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• Max Value and Min. Value 
• Mode 
• Median 
• Average .'' -
• Standard Deviation 
B) The impact of the lead-time on the requirement to carry inventory was studied using 
the reorder point model of inventory management. T" 
C) Performance of the supply chains on lead time variability was studied 
using Z factor analysis (normal distribution). The quantitative data was used to calculate 
the proportion of on-time deliveries of the sample data. The median value of the sample 
was taken as the benchmark for the on-time delivery. The proportion was tested for 
significance variation from international benchmark for the entire population using the 
above analysis. y^ 
D) The Bartlett's test was used to study the variability of lead time between various 
stages of the supply chain. Variation in the activity lead-time for various stages was first 
calculated from the sample of shipment data. Bartlett's test was then used to examine if 
the observed difference in the variance at the different stages was significant and could be 
because of reasons other than sampling. 
E) Carl Pearson's coefficient of correlation was used to analyze the correlation between 
performances of the chain in terms of lead time. Analysis was done between total lead 
time and lead time taken for containerization of cargo from processing of customs 
documents. 
The parameters calculated from the various samples were not used for testing for 
difference between themselves, using statistical hypothesis testing, because the 
differences could be because of factor others than the design of the different supply 
chains. The variations could be because of numerous unquantifiable factors 
• Freight management decisions , 
• Practices because of nature of commodity/industry 
• Macro level factors such as change in procedures 
• Temporary factors such as congestion at container terminal etc 
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• Difference in period and duration of sampling of data for the different supply 
chains. 
The compiled data was used for studying the impact of the various supply chains on the 
ROP equation of inventory management. 
As a specific case the sample of the factory stuffed containers was used to perform the 
following tests, as already stated above 
• Z factor analysis for supply chain performance 
• Barflett's test 
• ' Carl^earson's coefficient of correlation 
3.5 SCOPE AND LIMITATIONS FOR RESEARCH. 
• The research studies the systems for movement of containerized cargo to and 
from India with a process management approach to the software for supply chain 
systems that exist for containerized international ocean freight. 
• The study focuses on the movement of custom cleared cargo from the hinterland 
to the loading port in containerized form. 
• ICD Delhi and CFS Delhi have been taken as the hinterland points. 
• Jawaharlal Nehru port, consisting of Nava Sheva and NSICT, have been taken as 
the sea ports. 
• The research does^ot ibcus on the movement of cargo from the hinterland to the 
port through c^iyefitional means like road and rail, for eventual custom clearance 
and containerization at port. 
• The research excludes the role and impact of infrastructure development and 
focuses instead on the software for international trade. 
• Since the efficiency of the software is directly dependant on the efficiencies of the 
players that constitute the software and on the efficiency of their transactions 
amongst themselves, the research studies the interrelation of the players in the 
supply chain and their impact on the efficiency of the supply chain. 
• The research studies the lead time for movement of containers between ICD Delhi 
and port. 
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• It studies the various processes that are involved in the movement of cargo from 
ICD Delhi to port. 
• The research studies the various procedures involved in the movement of the 
multimodal supply chain. 
• In analyzing various processes of the system the research focuses on the user 
interface of the system and does not focus on the internal procedures of the 
players. 
• The research d<ie^noJ^study the costs or tariffs of the elements or the fmancial 
aspect of the usedi the infrastructure. 
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CHAPTER 4 
MAPPING OF PROCESSES, PROCEDURES, SYSTEMS AND ELEMENTS OF 
THE SUPPLY CHAIN FOR CONTAINERISED OCEAN FREIGHT (THE STUDY). 
The supply chain for containerized international ocean freight is a complex system 
involving multiple players, their interactions, multiple systems, their interfaces, multiple 
processes and their interdependence. The multiple objectives of the players sometimes 
have conflicting requirements firom the system. There are many processes which are 
different in nature and which constitute the supply chain system .The result is dynamic 
system involving flow of cargo, information and finances. 
The above system is mapped using the below mentioned methods 
1. Documentation of procedures in the system 
2. Process Flow diagrams of different supply chains 
3. Mapping of different players of the supply chain 
4. Detail of documentation involved in the system 
5. Mapping of interaction between the various players through study of 
documentation involved in their interactions. 
6. Gantt Charts for different supply chains 
7. Table for analysis of interrelation of processes in the supply chain 
8. Schematic diagrams of different supply chains and their use of infrastructure 
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4.1 PROCEDURES AND PROCESS FLOW 
4.1.1 Procedure for Import Customs Clearance 
The containers that arrive at the ports of Mumbai and Nava Sheva are moved by rail 
through CONCOR to the various ICDs of the hinterland. All the containers for ICDs for 
the northern region are carried by rail up to ICD Tuglakabad. From the ICD containers 
I. 
/fhay move by road or by rail to different container terminals and CFS. At Nava Sheva the 
shipping-lines files the import general manifest with the customs and are required to 
mention in that manifest the final destinations for individual containers. The IGM gives a 
SMTP number (Sub manifest transit permit) for containers that are not terminating at the 
port. The IGM and SMTP references are then transferred to the receiving ICDs where a 
local IGM is filed again. Once the local IGM has been filed at the receiving ICD the 
consignee can pf^de with the jrpport clearance. 
There are three basic steps involved in the Customs appraisement of an import 
transaction: ^<-^ 
1. Classification of goods 
2. Valuation for the purposes of determination of duty 
3. Customs Examination of the goods 
After documentary processing of the shipment, duty assessment and payment of the 
appropriate duty, containers are shifted from the stack to the examination area. During 
examination, a certain percentage of the packages are opened by the customs. The 
percentage of examination is determined by the risk factors that are evaluated by the 
department on the basis of risk assessment techniques. The importer through the clearing 
agent makes the necessary arrangements for the de-stuffing of the cargo in conformance 
with the examination orders given by the Appraising Groups. 
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After Examination the shipment is given out of charge by the customs and the 
consignment is loaded on trucks for dispatch to the consignee's location, on payment of 
the dues of the custodian of the ICD. The customs give delivery to the consignee on the 
basis of a delivery order issued by the shipping line or the freight forwarder. The delivery 
order has a validity date which ensures that the consignee has paid all the dues payable to 
the carrier or forwarder up to that particular date. 
4.1.2 Procedure for Export Customs Clearance 
To be able to custom clear an export shipment an exporter has to obtain PAN based 
Business Identification Number(BIN) from the Directorate General of Foreign Trade 
prior to filing of shipping bill for clearance of export goods. Under the EDI System, PAN 
based BIN is received by the Customs System from the DGFT online. The exporters are 
also required to register authorized foreign exchange dealer code (through which export 
proceeds are expected to be realized) and open a current account in the designated bank 
for credit of any drawback incentive. The basic steps involved in exports customs 
clearance are documentary processing of the shipment, physical examination and 
allowing for export through a "Let export order (LEO)".After the container is stuffed the 
CHA contacts the surveyor of the shipping line and hands over the TR(copies of 
shipping bills) documents. The export container leaves for the port of loading, where the 
shipping line takes the delivery of the container on \h^ basis of the IWB issued by 
CONCOR. 
On the basis of the conditions stipulated in the letter of credit the shipper or his agent can 
collect the bill of lading on containerization or after sailing of the vessel. The clearing 
agent hands over all the attested original documents as well as shipping bill copies to the 






























< w (- H 
z t Di -J P I O H U on U. O) 
§ s 
u: w < 
3 Q (-
H 2 CQ 
C/3 O O 
Z 
Q C S h h "^  
t? £ "J a: H 
g p a: D- 5 O [- D UJ 5 
U oo c/D Di > 
j Q 










^ ^ fc J 












f / i 
u. U 



































^ q w X 
2 < f*^  9 o S < z 







































d o g 





O on H 

































< CQ ^ J D O 
a- CO H 
Z t O 
P D S 
< UJ Q 
Z t < 
p I o 














u , UJ 
< s 
00 C/3 H 
tu < m 
u a: o 
4.2 PLAYERS IN THE SUPPLY CHAIN AND THEIR INTERACTIONS 
4.2.1 Deflning the actors present in the supply chain 
1. Shipper: A shipper can be defined as a merchant or a trader who sends the 
consignments of goods by ship and other modes of transport. A shipper is also referred to 
as a consigner. 
2. Freight Forwarders: International freight forwarders act as the agent for the 
shipper/merchant in the movement of cargo to overseas destinations. They are completely 
versed with import rules and regulations of foreign countries, methods of shipping, export 
regulations and all documentation involved in the foreign trade. Prior to shipping, a 
forwarder advices a shipper on freight and all related costs. The forwarder commonly 
books the space with the carrier. At the destination, freight forwarders may also assume 
the duties of a custom broker, ensuring that import documentation is in compliance with 
that country's customs regulations. The forwarders expedite all documentation to the 
shipper or the paying bank, whichever the shipper prefers. Theses companies range from 
large Multinational Networks to desk-and-a-phone operators. 
The term freight forwarder is commonly also used for the following players. 
a) Forwarding Agent 
i) Acts as an agent for the importer at the exporting end, according to specific instructions 
provided by his client; 
li) Secures shipping space, prepares documentation, pays statutory dues and taxes if 
agreed as apart of the contract, and arranges local transport contracts. 
iii) Does not accept carrier liability. 
b) Freight Consolidator: 
Besides services as mentioned above; he provides cargo consolidation services by 
accepting a series of small consignments for international shipment, consolidating them 
to achieve a full container load, stuffing them into a container and then making 
arrangements for the shipping of such containers. He or his counterpart at destination also 
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provides cargo de-consolidation services and arranges delivery orders for the 
consignments from the main carrier. He is also required to release his own delivery order 
for the individual shipments. On the export side he issues his own House bill of lading to 
individual exporters for the shipments. 
3. Clearing Agent: In most of the countries the clearing agent(or CHA) is licensed by a 
governmental authority .He facilitates the handling of export documentation as well as 
import documentation. A CHA is conversant will customs laws and procedures. He 
executes all customs documents on behalf of the shipper or importer. Clearing agents can 
also negotiate freight and book shipments with the shipping-lines on behalf of the 
exporters. The job of Customs House Agent (CHA) or Clearing & Forwarding agent is an 
absolute necessity for any kind of import-export trade, which involves processing of 
documents with the customs authority. ^ 
4. Co-loaders: When a consolidator passes the cargo he has accepted for consolidation, to 
another consolidator, this agreement is refereed to as co-loading. This practice is done to 
achieve faster consolidations by combining the volumes available with two or more 
consolidators. This practice however often leads to loss of visibility of the shipment while 
in transit and also causes problems in import clearance. Consolidators when they function 
in the above fashion are called co-loaders. 
5. Shipping Line: These are the companies operating their own ships or vessels and .They 
are also providers of empty containers for the users of their services. Reviewing the 
development of liner business since its inception across the world, it has been observed 
that container shipping would be the most imperative choice for movement of dry cargo 
in the coming years and liner business is likely to take a crucial role in promoting the 
prospects of shipping industry 
6. Customs: Central government officials under the ministry of Finance, posted at 
customs notified bonded container terminals and warehouses. The Customs Act was 
formulated in 1962 to control the imports through preventing illegal imports and exports 
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of goods. Besides, all imports were subjected to an import duty aiming to protect the 
indigenous industries as well as to minimize the imports to secure stable exchange rate 
for Indian currency .Duties of customs are levied on goods imported or exported from 
India at the rate specified under the customs Tariff Act, 1975 as amended from time to 
time or any other law for the time being in force. For the purpose of exercising proper 
surveillance over imports and exports, the Central Government has the power to notify 
the ports and airports for the unloading of the imported goods and loading of the exported 
goods, the places for clearance of goods imported or to be exported, the routes by which 
above goods may pass by land or inland water into or out of Indian and the ports which 
alone shall be coastal ports 
7. CONCOR: It is an autonomous body under the ministry of railways. CONCOR 
provides rail links from various trade centers to ports for facilitating the movement of 
import and export cargo. CONCOR is also custodian for many custom bonded container 
terminals around the country. The formation of Container Corporation of India 
(CONCOR) as an autonomous body under the Ministry of Railways in 1988 boosted the 
efforts at increasing containerized traffic in the country. Over the years, volume of 
container traffic has experienced continuous growth and crossed the 2.0 million mark and 
registering a volume of 2.22 million TEUs in 1999-2000 at the major ports of India. 
8. CWC: Central Warehousing Corporation. CWC is in-charge of the CFS (Container 
Freight Station) at Patparganj (New Delhi). They are the custodians of goods and the 
operators of the custom bonded warehouse. Like CONCOR, CWC too acts as custodian 
of custom bonded goods at many places in the country. y^ 
9. Transporter: Vehicle owners who provide facility for transportation of goods from 
factory premises to ICD or CFS .They provide lorries for loose cargo as well as for 
containers. 
10. Surveyors: Provide services on contract for survey of goods and containers. 
Employed by shipping lines, terminal operators, and by exporters with large volumes. 
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11. Port Authorities: 
Major ports are para-statal bodies, formed on the basis of Major f»&rt.^ ^KtslA<;t; 1963 
and they provide services to an exclusive hinterland. On the other hand minor ports, 
under the control of State Maritime Boards, were minor in their role until a few years 
back and never competed either with the major ports or amongst themselves. However, 
things have changed in recent times with the opening up of the domestic port sector to 
private operators. Entrusting private operators to manage certain terminals within the 
ports through concession agreements has led to the gradual privatization of Indian major 
ports. 
4.2.2 Documentation 
"The UNCTAD has estimated that the average customs transaction involves 29-30 
different parties; 40 documents; 200 data elements (30 of which are repeated at leasl 30 
times); and the rekeying of 60-70% of all data at least once. " Douglas M. Browning, U.S. 
Customs Service 
Interactions between the players are accompanied by execution of documents. Analysis 
of documents involved in the supply chain give us the picture about the nature of 
processes in the international supply chain. A detailed description of the below 
mentioned documents is given as annexure-4 at the end of the report. 
a) Commercial Documents: These are documents that are used for commercial 
transactions such as transfer of title or funds, or which are documents supporting or 
certifying some contractual commercial obligation. Documents that either involve 
transfer of custody or those that can be used for change in title of the consignments are 
the important types of commercial documents. The documents that involve change in title 
of the consignment are negotiable documents. 
b) Regulatory Documents: 
These are documents that are required by regulatory bodies like the customs authorities, 
central excise, DGFT etc. Points where these documents are executed act as check posts 
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which ensure that the shipments move through the system as per the laid procedures. 
These documents are also source for statistical data for the various agencies of the 
government. The objectives of the documents are as follows: 
• Ensuring that the trade is being conducted as per rules laid down by various 
regulatory bodies of the union government, like the CBEC, DGFT, and RBI etc. 
• Administration of various trade facilitation schemes under the export import policy of 
the government. 
• Prevention of illegal trade. 
• Ensuring that specific product relat^ mandatory requirements are complied with. 
• Ensuring correct valuation for both exports and imports of goods, 
c) Controlling Documents: 
Documents that manage and control the flow of cargo through the system. These 
documents manage the inventory of the shipments as well as the containers. Their 
purpose is also to keep track of the shipment as it moves through the system. 
The objectives of these documents are as follows: 
• To act as check-points to ensure that the physical cargo moving through the 
system is as per the cargo declared on the documents. 
• To check at points of change over of custody, the count for the shipment and its 
condition. 
• To ensure that mandatory processes required to be completed prior to this point 
are completed, before the shipment can move forward. 
4.2.3 Types of Interactions between the Players in the Supply Chain. 
4.2.3.1 Commercial interactions 
In order to execute an export or import shipment the players of the supply chain have to 
interact with multiple players .The interactions can be either commercial in nature or may 
be mandatory. Commercial interactions consist of service contracts and freight contracts. 
Because of the existence of multiple freight management models, many freight contracts 
are possible in the supply chain. Fig. 7 gives possible contracts that different players can 
have in the supply chain for freight management and control. 
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4.2.3.2 Procedural interactions 
These include interactions which are necessary to meet regulatory objectives and 
interactions which are necessary to effectively control the movement of the cargo. The 
study of the processes for regulatory control and control of physical flow was done using 
Gantt charts and tables to study interrelation between processes as a shipment moves 
forward in the supply chain. 
4.3 TIMELINES FOR PROCESSES: GANTT CHARTS 
The objective for preparation of these charts is to study the time lines for various 
pnzf^ esses and to provide data for further analysis for interrelation between process types 
.'Timelines of optimistic estimates and pessimistic estimates are plotted independent of 
'•« each other. The measuring unit in the Ganlt chart has been taken as one day 
.Measurement of activity lead time was not studied at the level of hours or minutes since 
the objective of the study was to merely record the existence of lead time variability and 
not measure the magnitude of the variation at a level below one day. Parallel processes 
and serial processes that got completed along with other processes the same day were 
plotted on the chart for the same day. These charts (Tables 5, 6 and 7) were prepared for 
the following supply chains: 
• ICD stuffed containers 
• CFS stuffed LCL shipments 
• Factory stuffed containers 
4.4 INTEllRELATION BETWEEN DIFFERENT TYPES OF PROCESSES. 
Tables to study interrelation between processes (Tables 8, 9 and 10) were prepared to 
identify the points where the processes for physical flow of cargo interact with the 
processes for control of the movement of cargo and the processes related to the 
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Table 5 -Gantt Chart for ICD stuffed FCL 
I Optimistic Vs Pessimistic Case analysis for CY stuffed FCL from ICD 
Timeline 
Tasks 
(Jay day day day day day day 
1 2 3 A 5 6 7 
day day day day day 
9 10 11 12 
day 
13 
day day day 
14 15 16 
1 
^VWffi'tjf'fBMl 
JA)Proces5: F^ysical movement of Cargo 
iLoading of cargo 
Transportation to CY 
Offtoading at CY 
Handling for customs examination 
Contain«nzBtiori 
Shifting of container to rail side 
Loading of container on wagon 
Railing of container to port 
Off loading container at port 
Shifting of container to ship side 
Loading of container on vessel 
B -. Regulatory Processes 
Slipping bill filed at ICO 
AR4 executed 
Shipping bill processed 
Examination report written 
Container sealed 
Shipping bill finalized 
C:Procesftes for control of cargo movement 
execution on MTR 
Executrcn of gate pass at CY 
Goods arrived'at ICD 
Job order for empty oont^r^er i^acement 
Job order for contair\er stufTir^ g 
Survey tally sheet at stuffing 
Handing over of stuffed comair>er for railing 
Notes 
TimB periods ara estjmates provided by respondents 
Waiting periods are shown separately and not as part of process time 
Timelines for different processes are synchronized with each o^er for both optimistic and pessimistic estimates 
Lead-time variability in the completion of a process has a cascading effect on the subsequent activities 
The subsequent activities in the pessimistic scenario are shown to start where the last activity of the pessimistic estimate ends 
Optimistic Estimate 




Table 6- Gantt chart for Factory Stuffed FCLs 
Optimistic Vs Pessimistic Case analysts for factory stuffed containers . cleared al ICD 
Tlmdne 
TaAs 
d t y d a y d a y d a y d a y d s y d a y t t e y d i y d a y d a y d i y d a y d i y d i y d B y 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1g 
llWtinofork 
A)Process : Ptiyslcal moveownl of Cargo 
Loading of emp^ ccntainer for transportaticn 
Transportation to factory 
auffing of container at factory 
Transportation of stuffed container tMck to CY 
Offloading of container at CY 
Shifting of cortainer to rait side 
Loading of container on wagon 
Railing c^  ccntainer to port 
Off loadng container at port 
Shifting of container to ship side 
Loading cf ccntainer on vessel 
B : Regulatory Procassas 
Shipping biW filed at ICD 
Shipping tiill processed 
Examination report written by exam at factory 
AR4 executed 
Container sealed tiy excise 
Seal examined t}y custom at tCO 
Shipping bill finalised 
C: Processes for control of cargo movamant 
Job crder for empty container placement 
Execution of gate pass at CY for empty container 
Survey report at factory for stuffing 
execution of MTR 
Submission G< gate pass at CY for return of ftuffed contaifMr 
'Goods arrived" intimaticn at CY 
IHanding o/er of stuffed container for railing 
Notes 
Time periods are estimates prcwded by respondents 
WBiting periods are shewn separately and not as part of process time 
Timelines f a cfifferent processes are synchronized with each other for both optimistic and pessimistic estimates 
Lead-time variatxiity in the completion of a process has a cascacJng effect on the subsequent activities 
The suttsequent activities in the pessimistic scenario are shcMm to start where the last activity of the pessin^stic estimate ends 
Colour codes 





Table 7-Gantt Chart for CFS stuffed LCLs 
Optimistic Vs Pesslmlstfc Case analysis for CFS stuffed consolidallon cargo from Delhi 
Tinwine day (tay day day day day day day day day day day day day day day day day day 
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
H l ^ r m S I n o foe consdidatlon 
Warehousing for consolid 
;Waiting for raitment 
A)PrDCftss : Physic^ movamant of Cargo 
Loading of cargo 
Transportation to CY 
Offloading at CY 
Handling for customs examination 
Shifting of container to stuffing point 
Ccntainerisation 
Transportation of container from CFS to railhead 
Railing of container to port 
Off loading contarner at port 
Shifting of container to ship side 
Loading of container on vessel 
B : Regulatory Processas 
Shipping tall filed at ICD 
AR4 executed 
Shipping till processed 
Examination report written 
Shipping bill finalised 
Consolidation plan apprcved try customs 
Centalner sealed by customs 
C.ProcesBBS for control of cargo movamant 
execution on MTR 
Bcecution of gate pass at CFS 
Goods amved' entry at warehouse 
Job order for ex»nination 
Consdidation plan aproval from CFS cperator 
Job order for container shifting and stuffing 
Ccntainer sealed by Carrier ^ ^ 
Ccntatner handed ewer for road transportation to CFS ^ ^ 
Gate pass executed at rail head 
Cntainer handed over to CONCOR for rail trensport 
Notes 
Time periods are estimates presided by respondents 
Waiting periods are snown separately and not as part of process time 
Timelines for different processes are synchronized with each other for both optimistic and pessimistic estimates 
Watting for railmarit] 
Waltlfl for consolidation 
^•- Waitig for consoiidi 
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ANALYSIS OF QUALITATIVE DATA 




ANALYSIS OF QUALITATIVE DATA AND DISCUSSION ON MAP OF THE 
SUPPLY CHAIN. 
Based on the compilation of primary data collected through the questionnaire and the 
shipment tracking sheet, the following analysis were made: 
Analysis of roles of different players. 
Analysis of interaction between players through analysis of documentation in the chain. 
Analysis of Gantt Charts. 
Analysis of interrelation between different types of processes in the supply chain. 
Analysis of the supply chain map and graphical representation of the map. 
Analysis of interrelation between ownership of process, custody of cargo and cost origin. 
Analysis of lead-time variability with ownership of process, type of process, change in 
custody of cargo and change in ownership of process. 
Hypothesis testing for correlation of lead-time variability with different transactions. 
Analysis of distribution of activities between various points in the supply chain 
5.1 ANALYSIS OF INTERACTION BETWEEN PLAYERS IN THE SUPPLY 
CHAIN. 
5.1.1 Analysis of Roles Played by Different Players 
From the analysis of the profiles of the different players, their fi-eight contracts and the 
documents exchanged it is observed that the organization of the supply chain for 
containerized ocean fi-eight is highly fi-agmented. Many variations to commercial fi-eight 
management model are there. Roles of the players often overlap and players seek to 
expand both forward and backward^ into business space occupied by other players 
/ 
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5.1.2 Documentation between Different Players. 
Interactions between the different players can be studied by the documents that are 
exchanged between them .The documents can broadly be classified into three categories 
as controlling, commercial and regulatory documents. 
A percentage analysis can be done for documents that are used for an export transaction 
through the supply chain. All documents may not be used in a particular type of 
transaction .However the percentage analysis gives an overview. 


















5.1.3 Analysis of the Interaction Matrix. 
From Table.4 it is observed that out of a possible 36 interaction amongst the various 
members of the supply chain there are 29 actual interactions i.e. level of interaction of 
players is as high as 80%.This might indicate any of the following possibilities 
1. There is no player that is acting as an integrator between various players. 
Implying that no player has a leadership role 
2. There is no clear specialization in the roles enacted by the various players. 
Multiple players might be in a position of offering the same services 
3. Process flow might not be linear. The responsibility for execution of the job might 
be coming back to the initial owner of process in a supply chain 
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5.1.4 Inference about Processes 
Inference can be made regarding the type of processes being completed in the supply 
chain from the study of documentation. 
Basic processes that are taking place in the entire chain are as follows 
• Commercial processes : Freight agreements and finalization of contractual terms, 
invoicing payments etc 
• Conq)letion of mandatory processes: Filing of documents as per prescribed 
formats, examination of cargo, sealing of containers etc. 
• Processes controlling movement of goods from commercial and management 
point of view: Execution of forwarding notes, handling over notes, booking of 
cargo. 
• Flow of information 
From the perspective of SCM the physical flow in the chain is being supplemented by 
two basic types of information flows 
• Information flow related to the processes that are regulatory in nature(customs 
and excise related processes) 
• Information flow'related to controlling the physical flow of the cargo 
These inferences can be used for fiirther analysis of the supply chain processes. 
5.2 ANALYSIS OF GANTT CHARTS FOR DIFFERENT SUPPLY CHAINS 
Based on the optimistic and pessimistic estimates different activities in the supply chain, 
Gantt charts were prepared for the supply chains for LCL shipments, FCL shipments and 
Factory stuffed FCLs. The variations in the optimistic and pessimistic estimates was done 
and variations were noted for the following 
• Overall lead-time from customs processing of documents to sailing of container 
• Overall lead-time from customs processing of documents to sailing of container 
excluding the effect of waiting periods in the supply chain 
• Variation only in the waiting periods in the supply chain 
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From analysing the data in Table 12, Table. 13 and Table. 14 it can be observed that 
overall variation is as high as 60%.Variation is caused by variation in the lead time to 
con:q)lete processes as well as the variance in the waiting periods in the supply chain. 
Waiting periods are the periods where the preceding process has been complete but the 
shipment has to wait before moving on to the next process. Waiting periods are caused 
because of the following reasons. 
• Waiting for suflBcient cargo in order to consolidate a fiill container load 
• Waiting in the queue for physical transportation. E.g. for railing from ICD and 
sailing from port 
From the prepared tables it would appear that all variations are caused by variation in 
waiting p< 
observed. 
periods. However on examination of the Gantt charts the following can be 
• Variations in lead-times from process completion are overlapped by lead-times of 
other parallel processes and also by waiting periods. 
• The variation in the processes up to containerization, (i.e. excluding the waiting 
periods for railing and sailing) is as high as 50%. 
The Gantt charts are based on estimates provided by the uses. The pessimistic and 
optimistic estimates are the extreme values for lead-times. From the optimistic and 
pessimistic values of the supply chain the standard deviation for all the three supply 
chains can be calculated as 1.5 .The measuring unit has been taken as one day, hence the 
charts give an overall picture of the existence of variations in lead-times in the supply 
chain. 
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Table 12 -Analysis of Gantt Charts for LCL Shipments 
CFS stuffed shipments 
Optimistic Estimate 
Pessimistic Estimate 
Optimistic Witfi Correction for Waiting Periods 
Pessimistic With Correction for Waiting Periods 
Optimistic Waiting Times 
Pessimistic Waiting Times 
Overall Percentage Variation 
Overall Percentage Variation Excluding Waiting Time 
Percentage variation in waiting periods 
Percentage variation up to containerization 














Table 13 -Analysis of Gantt Charts for FCL Shipments 
ICO stuffed containers 
Optimistic Estimate 
Pessimistic Estimate 
Optimistic With Correction for Waiting Periods 
Pessimistic With Con-ection for Waiting Periods 
Optimistic Waiting Times 
Pessimistic Waiting Times 
Overall Percentage Variation 
Overall Percentage Variation Excluding Waiting Time 
Percentage variation in waiting periods 
Percentage variation up to containerization 














Table 14 -Anafysis of Gantt Charts for Factory Stuffed Shipments 
Fadory Stuffed containers 
Optimistic Estimate 
Pessimistic Estimate 
Optimistic With Correction for Waiting Periods 
Pessimistic With Connection for Waiting Periods 
Optimistic Waiting Times 
Pessimistic Waiting Times 
Overall Percentage Variation 
Overall Percentage Variation Excluding Waiting Time 
Percentage variation in waiting periods 
Percentage variation up to containerization 















5.3 ANALYSIS OF INTERRELATION BETWEEN DIFFERENT TYPES OF 
PROCESSES IN THE SUPPLY CHAIN 
Based on the Gantt chart further analysis was done on the types of processes and their 
interrelation amongst themselves. The tables for analysis were prepared for the following 
three chains 
• Factory stuffed FCLs 
• ICD stuffed FCLs 
• CFS stuffed LCLs 
The physical flow of cargo was linked with the other two processes and the points where 
the output from the regiilatory and controlling processes are providing input to the 
physical flow of goods were identified. 
• In case of CFS cleared and stuffed shipments, out of a total of 12 steps involved 
the physical flow of goods, 9 require either a regulatory or controlling process to 
be con^leted. 75 % of the steps are dependant. 
• In case of ICD cleared and stuffed shipments, out of a total of 11 steps involved 
the physical flow of goods, 5 require either a regulatory or controlling process to 
be completed. 45 % of the steps are dependant 
• In case of Factory stuffed shipments, out of a total of 11 steps involved the 
physical flow of goods, 4 require either a regulatory or controlling process to be 
completed. 36 % of the steps are dependant. 
Page99 
5.4 ANALYSIS OF THE SUPPLY CHAIN MAP. (GRAPHICAL 
REPRESENTATION OF THE MAP) 
The analysis of the supply chain map was done in the following stages 
A) Preparation of chart (Table-15) listing the steps required to completely execute an 
e:q)ort shipment and listing against the steps players responsible for custody of cargo and 
ownership of the current process as detailed below. 
• The various steps that are required to be conqjleted in order to execute a shipment 
through the supply chain were put in a table along with the following details 
• Name of player who has the responsibility to complete the listed step (ownership 
of the process) 
• Name of the player who has the physical custody of the shipment at that process 
• Name of the player which is the primary origin of cost for the completion of that 
process. There could however be multiple costs involved in the same process. 
• Further analysis was done for each individual process on the following lines 
• Whether there was any change in responsibility from the proceeding process, in 
the current process 
• Whether there was any change in custody of cargo from the proceeding process, 
in the current process 
• Number of players involved in the process 
• Number of documents involved in the process. 
B) The above data was used to plot line graphs (Fig.-13) for ownership of process, 
custody of cargo and origin of primary cost element. 
C) The basic data was converted into a frequency table (Table-16) where the frequency of 
the involvement of different players was logged for the different parameters of the supply 
chain map. These parameters were: 
PagelOO 
• Ownership of process 
• Custody of process 
• Cost origin of process 
• Presence as new player in changeover of ownership of process 
• Presence as new player in change over of custody 
D. The frequency table was converted into a percentage (or relative frequency) table 
(Table-17) and the data were used for the preparation of pie charts 
E. With the basic data analysis for lead-time variability was done by noting against each 
activity the existence of variation in lead-time for that activity (Table-18). Lead-time 
variability was noted as being present or absent. Existence of variation in activity lead-
time was plotted against the following parameters. 
• Nature of process 
• Ownership of process 
• Custody of cargo 
• Change in custody of cargo and ownejdiip of process 
F. The data above was converted into a frequency and percentage table (Table-19) and 
was used for preparation of pie charts. 
5.4.1 Observations 
Change in custody is taking place 4 times in a transaction of 23 activities 
Change in responsibility for process is taking place 14 times in a transaction of 23 
activities 
Physical infrastructiu-e is in use for 19 processes out of a total of 23 activities 
Physical infrastructure is in use 83% of the time of the total transaction 
Average number of parties per activity is 2 
In 17 activities more than one player is involved 
In 73% of the activities involvement of more than one player is necessary 
In 8 activities more than 1 player are involved 
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In 35% of the activities more than 2 players are involved 
In 87% of the activities direct documentation is necessary , 
There are 5 major and different cost centers involved in the entire transaction 
In 10 of the above transactions the cost centre is the CY owner (43%) 
In 7 of the total 23 steps ownership of the process is with the CHA. (30%) 
In 5 of the total activities the ownership in with the CY owner (22%) 
Ownership with any player is not more than 30% of the entire transaction 
There is very little correlation between the ownership of process, custody of cargo and 
origin of cost for the given process. 
5.4.2 Qualitative Anafysis of the Incoming Suppfy Cliain 
As for the outbound shipment the following analysis was carried out for the incoming 
shipments from the port of discharge to the container terminal, 
i. Analysis of the interaction between players through study of documentation 
ii. Analysis of the interaction between players through interaction matrix 
iii. Analysis of the use of infrastructure for the different supply chains 
iv. Analysis of ownership of process, custody of cargo and cost origins 
The results of the analysis were identical to those of the outboimd supply chains. 
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Fig. 13 - GRAPH FOR ANALYSIS OF PROCESSES VIS-A-VIS DIFFERENT PLAYERS IN THE 
CHAIN 
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In the above graph the various activities are given on the x -axis and the players involved 
in the execution of those steps on the y-axis. The three lines in the graphs, plot the change 
in players for the three parameters as the shipment moves forward in the supply chain. On 
visual examination of the graph it can be noticed that there is little correlation between 
the ownership of process, custody of cargo and origin of cost for the given process. 
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5.4.3 Observations on Existence of Lead-Time Variation in the Supply Chain. 
50% of the instances where there is a change in responsibility there is a lead time 
variation 
75% of the time where there is a change in custody there is a lead time variation 
50% Of the time where the ownership is with the CHA there is a lead time variation 
60% of the time where the ownership of the process is with the CY owner there is lead 
time variability 
60% of the time where there is a variation in lead-time infrastructure is in use 
Table 19 -Percentage Analysis of Occurrence of Lead Time Variability 





Ownership of process 
Change in responsibility 
No change in responsibility 
Total 
















Custody of shipment 
Change in Custody 








































NOTE:-Lead-time for activities which are completed within one day has been assumed to 
be one day. Where there is spill over on to subsequent days, the lead-time has been 
rounded off to the complete 2day. Lead-time times mentioned are estimates by users. 
5.4.4 Pie Charts for Role of Different Players in the Process Flow 










• Port authority 
Fig. 14-PIE CHART FOR OWNERSfflP OF PROCESS 
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Fie. 15- PIE CHART FOR CUSTODY OF SHIPMENT 









I Port auttwrily 
Fie. 16- PIE CHART FOR ORIGIN OF COST 
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I Port authortty 
Fie 17- PIE CHART FOR CHANGE IN OWNERSfflP OF PROCESS 










• Port authority 
Fig. 18- PIE CHART FOR CHANGE IN CUSTODY OF SHIPMENT 
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5.4.5 Pie Charts for Lead Time Variability With Respect To Different Factors 









• Port authority 
Fig. 19- PIE CHART FOR PROCESS OWNER WHEN THERE IS EXISTANCE OF LEAD-TIME 
VARIATION. 
Lead time analysis with type of process 
• Regutatory 
• Physical Movement 
DControlMng 
Fig.20- PIE CHART FOR TYPE OF PROCESS WHEN THERE IS EXISTANCE OF LEAD-TIME 
VAIUATION. 
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Effect of change of ownership/responsibttity 
• C h a n g e in responsibility 
• No change in responslbiity 
Fig.21- PIE CHART FOR CHANGE IN OWNERSHIP OF PROCESS WHEN THERE IS EXISTANCE 
OF LEAD-TIME VARIATION 
Effect of change of custody on leadtime 
•Change in Custody 
I No change in custody 
Fig.22- PIE CHART FOR CHANGE IN CUSTODY OF CARGO WHEN THERE IS EXISTANCE OF 
LEAD-TIME VARIATION 
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5.5 TESTING OF HYPOTHESIS FROM QUALITATIVE DATA 
From the above analysis we wish to test the following hypothesis regarding the supply 
chain for containerized ocean freight from India. We use Non-Parametric methods for the 
testing of hypothesis. 
• Relationship between lead-time variability and shift in ownership of process, in an 
activity 
• Relationship between lead-time variability and change in custody for completion 
in an activity in the supply chain 
• Relationship between lead-time variability and number of transactions (combined 
effect of change in custody and shift in ownership for process) 
Null Hypothesis I 
• There is no correlation between lead-time variability and shift in ownership of 
process, in an activity 
Null Hypothesis 2 
• There is no correlation between lead time variability and change in custody for 
completion in an activity in the supply chain 
Null Hypothesis 3 
• There is no correlation between lead time variability and number of transactions 
(combined effect of change in custody and shift in ownership for process) 
5.5.1 Calculation of Correlations 
The above hypotheses were tested using the method of rank correlation. All activities 
including those which did not have any variation in lead-time were ranked. 
The steps followed for calculation of rank correlation 
A. The different activities in the supply chain were ranked for 
• Shift in ownership (responsibility) of process 
• Change in custody of shipment 
• Number of transactions ( shift in responsibility plus change in custody) 
• Lead-time variability. 
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B. The rank correlation test was performed to test the correlation of the existence of 
variability in lead time in an activity of a supply chain with the following factors 
• Shift in ownership (responsibility) of process 
• Change in custody of shipment 
• Number of transactions ( shift in responsibility plus change in custody) 
C. The number of transactions was quantified ,on the premise that a change in 
responsibility or custody is a transaction, in the following manner 
• No change in responsibility or custody: I 
• Change in either responsibility or custody: 2 
• Change in both responsibility and custody: 3 
Since there would be a basic transaction in a process even without change in 
responsibility or custody, such processes were quantified as "I". 
The existence of variation was quantified by taking the difference between the best 
estimates and the pessimistic estimates for the time required to complete the given 
activity. Only variations arising out of variability in completion of the activity were 
considered. Waiting periods such as waiting period for vessel arrival or train arrival were 
not considered. Since the unit for measuring the variability was number of days, and 
because the variability were estimates given by the users of the system, variability was 
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5.6 RESULTS OF HYPOTHEISIS TESTING 
5.6.1 - Null Hypothesis 1 
There is no correlation between lead-time variability and shift in responsibility in a 
supply chain process 
R = 0.3068, N = 23, p <= 1 (Z = 1.4391) (Without correction for tied ranlcs) 
R= 0.04 (with correction for tied ranks) 
The hypothesis is rejected as r > 0. 
Though the test indicates poor correlation, there is a positive correlation between lead-
time variability and shift of responsibility in a process. 
5.6.2. - Null Hypothesis 2 
There is no correlation between lead time variability and change in custody of a shipment 
in a supply chain process 
R = 0.5511, N = 23, p <= I (Z = 2.5851) (Without correction for tied ranks) 
R = 0.14 (With correction for tied ranks) 
The hypothesis was rejected since r> 0. 
Though the test indicates poor correlation, there is a positive correlation between lead-
time variability and change of custody of cargo in a process. 
5.6.3 - Null Hypothesis 3 
There is no correlation between lead time variability and number of transactions in a 
supply chain process 
R = 0.3172, N = 23, p <= 1 (Z = 1.4878) (Without correction for tied ranks) 
R=0.12 (With correction for tied ranks) 
The hypothesis was rejected since r> 0. 
Though the test indicates poor correlation, there is a positive correlation between lead-
time variability and number of transactions in a supply chain process. 
Though the above results might indicate a poor correlation, they can be interpreted as an 
evidence of correlation of lead-time variability and the above transactions. The existence 
of lead-time variability in all processes could be because of process lead-times, or due to 
the existence of the transactions. Since the lead-time variations exist also in processes 
without the above transactions, a positive correlation with the processes that have those 
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5.7 ANALYSIS OF SCHEMATIC DIAGRAMS FOR DISTRIBUTION OF 
ACTIVITIES BETWEEN VARIOUS POINTS IN THE SUPPLY CHAIN 
The schematic diagrams were prepared by broadly classifying the supply chain processes 
as consisting of the following: 
• Transportation and handling 
• Customs processing of documentation 
• Warehousing prior to customs clearance 
• Warehousing after customs clearance 
• Containerization 
• Transportation 
• Storage of loaded container 
A matrix was created of the above activities with the different physical points in the 
supply chain which are as follows: 
• Shipper's premises 
• Domestic warehouse 
• Satellite ICD 
• Railhead or ICD 
• Port 
The matrix captured the existence of the activities at the above points. From the analysis 
of the various supply chains it is apparent that a major chunk of the activities are 
concentrated at the container terminals, which could be either the rail head, the satellite 
ICDs or the CFSs. 
Shifting some processes away from the railhead leads to an increase in the number of 
transportation moves. 
Hence\in the design of the supply chain there is a tradeoff between decongestion of 
facility and number of transportation moves. 
ICD (Railhead) has less activity if customs clearance is not being conducted there. 
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CHAPTER 6 
ANALYSIS OF QUANTITATIVE DATA 
AND DISCUSSION ON TRANSIT TIME 
AND SHIPMENT DATA 
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CHAPTER6 
ANALYSIS OF QUANTITATIVE DATA AND DISCUSSION ON TRANSIT TIME 
AND SHIPMENT DATA 
Quantitative data was collected by monitoring the movement of the actual shipments as 
they move through the supply cbafin. Based on the dates that were logged on to the 
tracking sheet the number of days required to complete individual steps were calculated. 
This analysis was done for CFS stuffed containers, ICD stuffed containers, factory 
stuffed containers and import containers from the discharge port to CFS Patparganj. The 
data thus collected was analyzed in the following manner 
A) Preparation of descriptive statistics for individual samples 
B) Effect of lead time variability, measured through the standard deviation, on the ROP 
equation of inventory management, for the different supply chain 
C) Study of Full Container Loads stuffed at factory, as a sample case to study the 
following 
• Ability of the chain to provide on-time delivery. 
• Variability in activity lead-times between various stages of the supply chain 
• Correlation between total lead time to time taken up to containerization 
Description of columns 
Customs Clearance: The number of days from carting of cargo to the custom bonded area 
to custom clearance of the shipment calculated from the difference in dates of the events 
Containerization: The number of days from custom clearance to the containerization of 
the shipment at the bonded area calculated from the difference in dates of the events 
Railing: The number of days from containerization to railing from railhead calculated 
from the difference in dates of the events 
Sailing: The number of days from railing to sailing of the container from port of loading 
calculated from the difference in dates of the events 
Total: The total number of days taken by a shipment to sail from the port from the date 
cargo was carted at the CFS, calculated from the difference in dates of the events 
Emptv placement at factorv: Number of days required to place empty container at factory 
for factory stuffing af\er receipt of documents for customs clearance. 
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6.1 OBSERVATIONS ON STUDY OF TRANSIT TIME OF SHIPMENTS 
BETWEEN DELHI AND PORT OF NHAVA SHEVA 
6.1.1 Sample A: LCL Consolidation Cargo 
DESCRIPTION OF SAMPLE 
• Type of cargo: less than container loads (LCL) 
• Place of custom clearance: CFS Patparganj, Delhi ' 
• Place of containerization: CFS Patparganj, Delhi 
• Rail head: ICD Tuglakabad 
• Custom documentation type: Various (duty drawback, duty entitlement passbook 
scheme, white shipping bill) 
• Mode of transport 
• CFS to railhead: By road. Railhead to port: By rail 
• Sample size: 26 shipments 
• Sample period: June 2000 to October 2000 
























































UNIT OF MEASUREMENT: DAYS 
Page 126 
6.1.2 Sample B: Full Container Loads Containerized at ICD 
DESCRIPTION OF SAMPLE 
• Type of cargo: Full container loads (FCL) 
• Place of custom clearance: ICD Tuglakabad, Delhi 
• Place of containerization: ICD Tuglakabad 
• Rail head: ICD Tuglakabad 
• Mode of transport: Factory container yard by road. Railhead to port: by rail 
• Sample size 16 shipments 
• Sample period: August 2000 to December 2000 , 
STATISTICAL OBSERVATIONS 















































UNIT OF MEASUREMENT: DAYS 
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6.1.3 Sample C: Full Container Loads Containerized At Factory 
DESCRIPTION OF SAMPLE 
Type of cargo: Full container loads (FCL) 
Place of custom clearance: ICD Tuglakabad, Delhi 
Place of containerization: Shipper's factory 30kms from container yard 
Rail head: ICD Tuglakabad 
Mode of transport: Container yard to factory and back to container yard by road 
Railhead to port: By rail 
Sample size 52 shipments 
Sample period: Aug. 2002 to Sept. 2002 
STATISTICAL OBSERVATIONS 





























































UNIT OF MEASUREMENT: DAYS 
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6.1.4 Sample D: Import Shipments Up to ICD Delhi from Nava Sheva and Mumbai 
DESCRIPTION OF SAMPLE 
Type of cargo: Full container loads (FCL) and FCLs of consolidated LCLs 
Place of delivery: ICD Tuglakabad, Delhi 
Place of de -containerization: ICD Tuglakabad 
Rail head: ICD Tuglakabad 
Port to inland container depot: by rail 
Sample size 26 shipments 
Sample period: Jan 2000 to July 2000 







































UNIT OF MEASUREMENT: DAYS 
Description of columns 
A) Deviation of actual arrival date of shipment from planned arrival. 
B) The number of days from discharge of container from vessel at arrival port to onward 
railing for inland container terminal, calculated from the difference in dates of the events 
C) The number of days from railing from port to arrival at ICD, calculated from the 
difference in dates of the events 
D) The total number of days from arrival of container at port of discharge to arrival at 
ICD, calculated from the difference in dates of the events 
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6.2 SIGNIFICANCE OF SUPPLY CHAIN PERFORMANCE TO INVENTORY 
MANAGEMENT 
Firms seek to keep inventory carrying costs at a minimum and follow the J.l.T (Just in 
time) concept for inventory management. In order to meet the challenges of the J.l.T 
system the supply chain needs to deliver consistent performances. We wish to check the 
performance of the international supply chain in meeting the requirements of the J.l.T 
concept. 
Firms also use BENCHMARKING and monitor performance using techniques such as 
'BALANCE SCORE CARD^' and 'PERFORMANCE MATRICES ' Benchmarking is a 
process of identifying , understanding and adapting outstanding practices to help 
organizations improve their performance. As companies develop their supply chain 
efficiency they are able to measure their own progress from year to year. However they 
are unable to measure their progress against that of other companies in the same sector. 
Benchmarking results in the defining of performance matrices that are used for measuring 
performance. In the field of logistics commonly used performance matrices are follows 
• Percent of sales for total logistics cost 
8% to 10% 
• World class companies error rates on orders shipped 
Less than 1 per 1,000 
• World class companies inventory turnover rate 
over 20 
• World class companies total order cycle time 
4 to 6 days 
• Percent of sales increase if stock outs were eliminated 
10% to 14% 
• "Best-In-Class" percentage of on-time delivery 
98% 
• "Best-In-Class" percentage of order completeness 
98% 
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6.2.1 Reorder Point (ROP) Equation. 
It is not enough to know how much to order; it is also important to know at what point 
to order. The ROP model determines when to order. When the quantity on hand drops to a 
predetermined amount, it is time to reorder. This amount includes expected demand during 
lead time and usually some safety stock to reduce the probability of a stock-out. 
For a daily demand (d) and lead time (LT), reorder point (ROP) is defined as 
(d)(LT) = dLT 
ROP = dLT 
We must at least have enough inventories to cover the lead-time demand. Since the lead-
time demand may vary, it is advisable to carry some extra inventories (safety stock) on top 
of the lead-time demand. 
The amount of safety stock depends on a which is the standard deviation of the lead-
time demand. The safety stock is a multiple of a or zo where z is the multiple determined 
from the standard normal table. For example, if the objective is to meet the demand during 
90% of the lead-time cycles, the z value would be approximately 1.28 and the safety stock 
would be 1.28a. 90% here is called the service level. Hence, ROP is established above the 
average lead-time demand (dLT) by incorporating safety stocks. The complete ROP 
equation becomes 
ROP = dLT + dza 
For a performance level of 98% on time delivery, which is the accepted benchmark, Z 
would be 2.058 
Therefore 
ROP =dLT + 2.058da 
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We use the standard deviations for total lead-time between port and container yard to 
study the effect of the variability of the supply chain on the ROP equation of inventory 
management. Since the standard deviations measured are standard deviations of the 
samples, the values were divided by the square root of the sample size to arrive at the 
standard deviation of the population. The calculated population standard deviations are 
very near the user estimated standard deviation of 1.5 calculated using the Gantt Charts. 
Implications 
In order to meet the accepted standard of delivery accuracy of 98 % given the 
performance of the existing supply chain system, Indian industry would have to make 
adjustment for lead time by 13.3 to 26.5 %.Since the physical transit time can not be 
compressed due to limitations placed by transport infrastructure, one method to reduce 
the lead-time would be to increase the frequency of the shipments so as to reduce the time 
difference between subsequent shipments in a continuous replenishment inventory 
program. Another option would be to maintain a inventory near to the point of 
consumption so as to achieve lower lead-times. 
It can be inferred that in order to meet the accepted standard of delivery accuracy of 98 % 
given the performance of the existing supply chain system, Indian industry would need to 
keep either a buffer or pipe line inventory up to 26 % of the reorder point. 
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6.3 HYPOTHESIS TESTING FROM QUANTITATIVE DATA 
We wish to check the responsiveness of the supply chain to the requirements of inventory 
Management. 
The main inventory types are raw material inventories, work-in-process (WIP) inventories 
and finished goods inventories. It is important for the firms to know how much inventory 
they should carry. If they carry too much inventory, it will be costly. There is holding or 
carrying cost for inventories due to the cost of capital (dividends or interest on funds 
invested in inventory or the opportunity cost if the company does not borrow money), cost 
of storage (warehouse related costs), obsolescence cost (when the items in inventory become 
outdated they lose value), insurance and taxes on inventory. On the other hand, if the firms 
carry too little, they may encounter stock-outs and lost sales. There is also an order cost 
associated with inventories. Preparing the paperwork for purchase orders, communication 
costs, handling the delivery of the shipment, and costs associated with various logistics 
activities(storage ,inspection etc,) are the cost elements involved in placing and processing 
an order. 
We wish to examine, if the supply chain for exports from India is able to achieve on time 
delivery at 98% accuracy as is the internationally accepted benchmark. To examine this 
we take a sample of 52 export shipments. This is a controlled sample of factory stuffed 
FCLs, from one single factory and under one specific scheme for export clearance 
(clearance under 100 % EOU). For the purpose of hypothesis testing we examine the 
ability of the supply chain to be able to maintain a lead-time, at its value at the mode. 
We define a shipping window of a lead time of 10-11 days from empty container dispatch 
to sailing from port, to test the hypothesis that shipments sail on time 98% of the time. 
For the purpose of research the lead time was limited to sailing from port. 
DESCRIPTION OF SAMPLE 
We use the sample for factory stuffed FCLs for testing the hypothesis because the 
standard deviations (population standard deviation after accounting for sample size) for 
this sample was the least, implying that this supply chain was giving the most consistent 
performance 
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UNIT OF MEASUREMENT: DA YS 
Description of columns 
Empty placement at factory: Number of days required to place empty container at factory 
for factory stuffing after receipt of documents for customs clearance. 
Customs Clearance: The number of days from carting of cargo to the custom bonded area 
to custom clearance of the shipment. 
Railing: The number of days from containerization to railing from railhead calculated 
from the difference in dates of the events 
Arrival at port: The number of days from railing from railhead to arrival at port. 
Sailing: The number of days from railing to sailing of the container from port of loading. 
Total: The total number of days taken by a shipment to sail from the port, from the date 
documents were received for dispatch of empty container to factory. 
6.3.1 Ability of the supply chain to achieve 98 % on time delivery 
NULL HYPOTHESIS I 
It is hypothesized that export shipments are able to achieve on time sailing 98% of the 
time. 
ALTERNATE HYPOTHESIS 
The export shipments are able to achieve on time sailing less than 98% of the time. 
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Since our alternate hypothesis that that the sample proportion is less that the hypothesized 
proportion (0.98) we use the left end tail test to test our hypothesis 
Z for p=0.98 is -2.054 in case of the left end tail. 
At 95% level of confidence, 
Z for the above sample is computed at -35.61 
Hence null hypothesis is rejected. 
6.3.2 Ability of the Supply Chain to Achieve 40% On-Time Delivery 
We use the trail and error method to try and find out the level of performance of the 
supply chain by checking the performance at 40% on-time delivery. 
NULL HYPOTHESIS 2 
It is hypothesized that export shipments are able to achieve on time sailing 40% of the 
time. 
ALTERNATE HYPOTHESIS 
The export shipments are able to achieve on time sailing les than 40% of the time 
Since our alternate hypothesis that that the sample proportion is less that the hypothesized 
proportion (0.40) we use the left end tail test to test our hypothesis 
Z for p=0.98 is -2.054. 
At 95% level of confidence, 
Z for the above sample is computed at -1.64 
Hence null hypothesis is accepted. 
6.3.3 Ability of the Incoming Supply Chain to Achieve On Time Delivery 
We similarly use the sample data of shipments incoming to the container yard from the 
port of loading to check the performance of the supply chain for meeting on-time delivery 
98% and 40% of the time. The significance was checked at the level of 95%. For the 
sample of 26 shipments 'p' was calculated as the ability of the supply chain to arrive at 
the median value of the sample at 0.192. The calculated values of z were '-28.17' and 
'-.164' for 98% and 40% on-time delivery. Since the calculated value of z was less than 
the tabulated value for the left end single tail test, the null hypothesis was rejected for 
both the levels. 
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6.3.4 Lead Time Variability at Various Stages in the Supply Chain 
We wish to examine further the behavior of the lead times at various stages of the supply 
chain using actual shipment data. 
We wish to examine if the variation in the lead-times is comparable at all linked steps in 
the supply chain process. If there is no difference in the variance in time taken for the 
completion of various stages, it would imply that there is synchronization in the supply 
chain. Alternately a variation across different stages would imply that there exist different 
efficiency levels at different stages which could have a cascading effect on the total 
variance of the variance at different stages. 
We use the Bartlett test statistic which is designed to test for equality of variances across 
groups against the alternative that variances are unequal for at least two groups. 
Null Hypothesis HO: Var 1 =Var2=Var3=Var4 
Alternate Hypothesis Ha: Var i # Var j , for at least one pair (i, j). 
We wish to check variance across following stages 
Table 32a- Shipment Data for Hypothesis Testing 












We use the above sample to test the multi-variance across the various stages. We test for 
homogeneity of variance between the stages. 
The results of Bartlett's test for the above sample were as follows: 
Sample size 52 
Chi Square = 381.80851 
P-Value =0 
There is very strong evidence against the null hypothesis. 
Checking again, excluding this time the lead-time variance for sailing of container we 
calculate Chi-square as 94.94, implying strong evidence against null hypothesis. 
Hence null hypothesis is rejected. 
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We can similarly check for homogeneity of multi variances for the sample for ICD 
stuffed containers across the following activities. We exclude again total lead-time. 












D) TOTAL NO. 
OF DAYS 
18.23 
HO: There is no significant difference between the variances across various activities 
Sample size: 16 
Chi Square 12.41706 
P-Value =0.002 
There is very strong evidence against the null hypothesis. Hence null hypothesis is 
rejected. 
The sample for LCL consolidation is not tested for homogeneity since there is element of 
managerial decision making regarding consolidation that would influence the outcome of 
the test. 
Table 32c- Import Shipment Data for Hypothesis Testing 
Variance 
A)RAIL1NG OF CONTAINER 
AFTER DISCHARGE 
23.04 







For the above sample of 26 shipments Chi- square was calculated at 23.41 with a p value 
of '0' . The null hypothesis that there is no significant difference between the variances 
across various activities was rejected. 
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6.3.4.1 Reasons for Difference in Variance and implications 
Of the above variation in sailing can arise out of factors other than inefficacies of the 
system. These could be because of shortfall in freight capacity at the port (Freight Market 
Dynamics) or because of poor planning by the exporters. Variance in railing lead-time 
and arrival at POD lead time would be primarily because of issues pertaining to physical 
infrastructure. Container placement to custom clearance covers the activities from 
processing of documents to sealing for stuffed container. These activities constitute the 
software of the supply chain. Since the difference in the variance at the different stages is 
significant we would need to test the correlation between the activities that form part of 
the software for the system with total lead-time. 
It can be observed from the samples that variance in lead-time is high in these activities. 
It is also observed that the variance in the total transit time is greater than the sum of the 
variance of the different stages which are linearly linked. For stages linearly linked the 
overall variance should be sum of the constituent variances. It was verified that the 
difference was not due to sampling error. This implies that the variance at the different 
stages have a cascading effect on the overall variance. 
6.3.5 Correlation between Total Lead Time and Time Taken Till Containerisation 
We wish to examine the effect of the lead-times, from processing of documents to 
containerization, on the total lead time. For this we calculate the Carl Pearson's 
coefficient of correlation between the two lead times. From the above sample of 52 
shipments the correlation between the lead-time for containerization (Empty container 
placement to containerization) and total lead time (from empty container placement to 
sailing of vessel) was calculated. 
The Carl Pearson's coefficient of correlation was calculated as r=0.34 
We wish to test the significance of this coefficient at confidence level of 95 % (K = 0.05). 
6.3.5.1 Hypothesis testing for correlation. 
Null Hypothesis: The null hypothesis states that there is no significant relationship 
between the two variables. 
HO: r =0 
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Alternative hypothesis: The alternative hypothesis states that there is a significant 
positive correlation between the two variables. HO: r >0 
We use the single tailed test to test the above hypothesis. 
Degrees of freedom: N-2 i.e. 52- 50 = 50 
At K = 0.05 and with 50 degrees of freedom the tabulated value of r for single tailed test 
is read from Pearson's table as r = 0.231. 
Calculated value of r is 0.34. 
Since the calculated value of r is greater than the tabulated value we reject the Null 
Hypothesis and accept the alternate hypothesis. 
Another way of looking at a correlation coefficient is to estimate the amount of common 
variance between the two variables that is accounted for by the relationship. This quantity 
(proportion of common variance) is the square of the correlation coefficient. 
r squared is O.ll.ln terms of percentage 11% of the variation in the total lead-time can be 
explained by the variation in time taken up to customs clearance. 
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CHAPTER 7 
CONCLUSIONS AND IMPLICATIONS 
Page 140 
CHAPTER 7 
CONCLUSIONS AND IMPLICATIONS 
7.1 SUMMARY OF RESULTS 
7.1.1 Analysis of Interactions between Players 
The three basic types of documents in the supply chain are regulatory, con^mercial and 
controlling documents and they are distributed evenly in the chain. 
Basic processes that are taking place in the entire chain are as follows 
• Commercial processes : Freight agreements and finalization of contractual terms, 
invoicing payments etc 
• Completion of mandatory processes: Filing of documents as per prescribed 
formats, examination of cargo, sealing of containers etc. 
• Processes controlling movement of goods from commercial and management 
point of view: Execution of forwarding notes, handling over notes, booking of 
cargo. 
• Flow of information 
Out of a possible 36 interaction amongst the various members of the supply chain 
there are 29 actual interactions i.e. level of interaction of players is as high as 
80%.This might indicate any of the following possibilities 
• There is no player that is acting as an integrator between various players. 
Implying that no player has a leadership role 
• There is no clear specialization in the roles enacted by the various players. 
Multiple players might be in a position of offering the same services 
• Process flow might not be linear. The responsibility for execution of the job might 
be coming back to the initial owner of process in a supply chain 
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7.1.2 Analysis of Distribution of Activities between Various Points in the Supply 
Chain 
From the above analysis of the various supply chains it is apparent that a major chunk of 
the activities are concentrated at the container terminals, which could be either the rail 
head, the satellite ICDs or the CFSs. 
Shifting some processes away from the railhead leads to an increase in the number of 
transportation moves. 
Hence in the design of the supply chain there is a tradeoff between decongestion of 
facility and number of transportation moves. 
ICD/Railhead has less activity if customs clearance is not being conducted there. 
7.1.3 Analysis of Gantt Charts 
From analysis of Gantt charts it was observed that overall variation is as high as 
60%.Variation is caused by variation in the lead time to complete processes as well as the 
variance in the waiting periods in the supply chain. 
• Variations in lead-times from process completion are overlapped by lead-times of 
other parallel processes and also by waiting periods. 
• The variation in the processes up to containerization, (i.e. excluding the waiting 
periods for railing and sailing) is as high as 50%. 
From the optimistic and pessimistic values of the supply chain the standard deviation for 
all the three supply chains can be calculated as 1.5 .The measuring unit has been taken as 
one day, hence the charts give an overall picture of the existence of variations in lead-
times in the supply chain 
7.1.4 Analysis of Interrelation between Different Types of Processes in the Supply 
Chain 
Based on the Gantt chart further analysis was done on the types of processes and their 
interrelation amongst themselves. The processes have been classified as 
• Regulatory processes 
• Controlling processes 
• Physical flow of cargo 
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The physical flow of cargo was linked with the other two processes and the points where 
the output from the regulatory and controlling processes are providing input to the 
physical flow of goods were identified. 
1. in case of CFS cleared and stuffed shipments, out of a total of 12 steps involved 
the physical flow of goods, 9 require either a regulatory or controlling process to 
be completed. 75 % of the steps are dependant. 
2. In case of ICD cleared and stuffed shipments, out of a total of 11 steps involved 
the physical flow of goods, 5 require either a regulatory or controlling process to 
be completed. 45 % of the steps are dependant 
3. in case of Factory stuffed shipments, out of a total of 11 steps involved the 
physical flow of goods, 4 require either a regulatory or controlling process to be 
completed. 36 % of the steps are dependant. 
7.1.5 Analysis of the Supply Chain Map and Graphical Representation of the Map. 
1. Change in custody is taking place 4 times in a transaction of 23 activities 
2. Change in responsibility for process is taking place 14 times in a transaction of 23 
activities 
3. Physical infrastructure is in use for 19 activities out of a total of 23 activities 
4. Physical infrastructure is in use 83% of the time of the total transaction 
5. Average number of parties per process is 2 
6. In 17 activities more than one player is involved 
7. In 73% of the activities involvement of more than one player is necessary 
8. in 8 activities more than I player are involved 
9. In 35% of the activities more than 2 players are involved 
10. In 20 activities a documentary transaction is involved 
11. In 87% of the activities direct documentation is necessary 
12. There are 5 major and different cost centers involved in the entire transaction 
13. In 10 of the above transactions the cost centre is the CY owner (43%) 
14. In 7 of the total 23 steps ownership of the process is with the CHA. (30%) 
15. In 5 of the total activities the ownership in with the CY owner (22%) 
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16. Ownership with any player is not more than 30% of the entire transaction 
17. Between the CHA and CY owner approximately 50% of the activities are 
covered. 
18. On visual examination of the graph prepared to study correlation it can be noticed 
that there is little correlation between the ownership of process, custody of cargo 
and origin of cost for the given process. 
7.1.6 Analysis Of Lead-Time Variability With Ownership Of Process, Type Of 
Process Change In Custody Of Cargo And Change In Ownership Of Process. 
Analysis for lead-time variability was done by noting against each activity the existence 
of variation in lead-time for that activity. Lead-time variability was noted as being 
present or absent. 
1. 50% of the instances where there is a change in responsibility there is a lead time 
variation 
2. 25% of the time where there is a change in custody there is a lead time variation 
3. 50% Of the time where the ownership is with the CHA there is a lead time 
variation 
4. 60% of the time where the ownership of the process is with the CY owner there is 
lead time variability 
5. 60% of the where there is a variation infrastructure is in use 
7.1.7 Significance of Supply Chain Performance to Inventory Management. 
Based on the standard deviations of the samples and estimating the standard deviation of 
the population the impact in the ROP was examined and the results were interpreted as 
follows 
In order to meet the accepted standard of delivery accuracy of 98 % given the 
performance of the existing supply chain system, Indian industry would have to make 
adjustment for lead time by up to 26.5 %.This can be done by either carrying inventory 
near the point of consumption or be increasing the frequencies of the shipments. It can be 
inferred that in order to meet the accepted standard of delivery accuracy of 98 % given 
the performance of the existing supply chain system, Indian industry would need to stock 
buffer or pipe line inventory up to 26 % of the reorder point. 
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7,2 RESULTS OF TESTING OF HYPOTHESIS 
7.2.1 Analysis of Lead-Time Variability with Different Factors. 
Hypotheses were tested for the following relationships: 
1. Relationship between lead-time variability and shift in responsibility in a supply 
chain process. 
2. Relationship between lead time variability and change in custody in a supply 
chain process. 
3. Relationship between lead time variability and number of transactions in a supply 
chain process. 
Results of the tests were as follows: 
1. There is a poor but positive correlation between lead-time variability and shift in 
responsibility. 
2. There is a poor but positive correlation between lead-time variability and change 
in custody. 
3. There is poor but positive correlation between number of transactions involved in 
an activity and lead-time for that activity. 
Since the lead-time variations exist also in processes without the above transactions, a 
positive correlation with the processes that have those transactions can be considered as 
significant evidence of the effect of the transactions on lead-time variability. 
7.2.2 Ability of the Supply Chain to Meet 98% Level of On Time Deliveries. 
For a defined a shipping window of a lead time of 10-11 days from empty container 
dispatch to sailing from port, based on hypothesis testing at 95% level of significance it 
was concluded that that the supply chain for factory stuffed FCLs was not able to meet 
the benchmark 98% for on-time delivery. 
For a defined a shipping window of a lead time of 10-11 days from empty container 
dispatch to sailing from port, based on hypothesis testing at 95% level of significance it 
was concluded that that the supply chain for factory stuffed FCLs was able to meet on-
time delivery 40% of the time. 
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7.2.3 Comparison of Variation in Lead Times at Various Stages of the Supply Chain 
We tested the variance of lead-time across various stages in the export supply chain and 
set up the null hypothesis that variance at all stages of the supply chain was equal. 
Null Hypothesis HO: Varl=Var2=Var3=Var4 
Alternate Hypothesis Ha: Var i f Var j , for at least one pair (i, j). 
The null hypothesis was rejected based on the Bartlett's test. This implies that there is 
absence of synchronization between the various stages of the supply chain. Difference in 
variation in activity lead-times of the different stages should add up to the total variation 
since the variance in the total lead-time is the sum of the variances of its constituent 
elements. This test establishes that variance observed at the individual stages are 
significantly different and that there is a need to examine the different stages separately. 
7.2.4 Relationship between Total Lead Time and Lead Time for Containerization 
The total lead time was split and the lead-time for the stage up to containerization of 
cargo was calculated. From the above sample of 52 shipments the correlation between the 
lead-time for containerization (Empty container placement to containerization) and total 
lead time (from empty container placement to sailing of vessel) was calculated. The Carl 
Pearson's coefficient of correlation was calculated as r=0.34 
The null hypothesis stated that there is no significant relationship between the two 
variables. (HO: r =0) The alternative hypothesis was that there is a significant positive 
correlation between the two variables. (HO:r >0). Carl Pearson's coefficient of correlation 
between the two lead times was tested for significance at confidence level of 95 % (K = 
0.05) and the null hypothesis was rejected. The amount of common variance between the 
two variables that is accounted for by the relationship , is the square of the correlation 
coefficient( r squared is Oil l)..In terms of percentage 11% of the variation in the total 
lead-time can be explained by the variation in time taken up to customs clearance. The 
activities after containerization are concerned with physical transport and use of physical 
hardware. Thus this correlation can be understood as the extent of relationship between 
the software of the supply chain to total lead-time. 
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7.3 CONCLUSIONS AND IMPLICATIONS 
There is existence of lead-time variability in the supply chain that can be observed from 
the various qualitative and quantitative analyses. It is also observed that that the supply 
chain is not able to provide on time delivery as per the demand placed by the philosophy 
ofJ.I.T. 
The variance in lead-time has been observed due to variance in process lead-times of 
different processes, due to variance in waiting periods at the points where there is 
consolidation from the previous process and due to the existence of procedural 
transactions by various players at various points. To complete the entire process, from 
custom clearance to sailing of vessel, it requires integration by various players and the 
total supply chain is not a self completing system. 
There is evidence that a process reengineering exercise needs to be carried out and to de-
fragment the entire process on the following lines 
a) The different activities are not linearly linked. I.e. The input to one activity is not 
necessarily the out put of the proceeding activity alone. Frequent changeovers of 
responsibility of processes and custody of cargo adds to the basic cost of the transaction. 
There is indication that in activities where there is change in responsibility and custody, 
the lead-time variability is more. 
b) The number of dependant steps in the total process can be reduced to form longer 
chains of self completing processes. 
c) There is evidence that the variation in the time required to complete the custom 
clearance and containerization processes has an impact on the total lead time of the 
supply chain. 
d) Decongestion of the rail-head/ICDs more activities should be carried outside the 
physical infrastructure. The possibility of separating customs clearance from the physical 
infrastructure can be considered. 
Page 147 
e) Focus areas for process reengineering should be the processes of the CHA and the CY 
owner since together they own 52 %of the processes. 
50% Of the time where the ownership is with the CHA there is a lead time variation 
60% of the time where the ownership of the process is with the CY owner there is lead 
time variability 
f) Variance at difference stages of should be kept at a minimum since the total variance is 
calculated as the sum of the individual variances. It was observed that difference in 
variance in activity lead-times of the different stages indicate to a cascading effect of 
variance, leading to a higher variance in the overall lead-time. 
The roles played by the various players need to be examined since the organization of the 
chain seems to be highly fragmented. The supply chain demands a very high degree of 
coordination amongst the various players as can be seen from the interaction matrix. We 
can see from the different samples that variation in activity lead-times of the different 
stages indicate a cascading effect leading to a higher variation in the overall lead-time. 
The overall variation has been observed as higher than the sums of the constituent stages 
of the supply chain. This is true after testing for statistical significance. There is thus a 
need for management of the supply chain system in totality. The monitoring of the 
system would need to be done at an overall view along with the monitoring of the various 
stages. At the moment from analysis of the roles of the different players, no player is 
executing that role. 
The CY processes appears to be providing the common points for integration and the role 
of the integrator is being carried out largely by the CHA. To support the above, we can 
see from the analysis of processes, that the system is dominated by controlling and 
regulatory processes. The supply chain system is thus acting as a regulator and controller. 
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The software has limited but certain impact on the performance of the supply chain. 
Development of physical infrastructure can not be ignored since there is significant lead 
time variation when the shipment is in the physical domain of the supply chain. The 
impact of the regulatory and controlling processes could be estimated to be only 11% on 
the total lead time variation. 
From percentage analysis of lead time variability also we can see that when there is a lead 
time variation 54.5 % of the times the type of process is physical movement of goods. It 
was also observed that 60 % of the times when variations in lead time occur, physical 
infrastructure is in use. 
7.4 AREAS FOR FUTURE RESEARCH 
The following areas for future research are suggested. 
1. Use of agent based simulation (SWARM) for simulating possible re-engineered 
models which could include integration of the chain using IT and development of 
agency in leadership role for management of the supply chain in totality. 
2. Using industry specific inventory carrying or inventory turnover norms to address 
exact impact of variable lead-time on inventory carrying costs 
3. Impact in terms of cost of various factors that place demand on infrastructure The 
various factors being as follows 
• Need for Government regulation, 
• Commercial practices between supply chain partners 
• Freight management decisions 
• Administration of Government schemes under the EXIM policy. 
• Use the infrastructure is put to by various players to achieve their 
respective objectives. 
4. Need for possible reform in customs policies and procedures for effective 







These are addressed to 
Forwarder/Multimodal Transport operator 
Exporter 
Importer 






Questions for Freisht Forwarders /Comolidators/Co Loaders /Clearing 
Agents/Survevors/Local Transporter 
1 What is your role in the execution of shipments in the international supply chain for 
containerized ocean freight? 
2. In the execution of your responsibilities do you make use of the physical 
infrastructure? If so what kind of use do you make of the infrastructure? 
3. What services/facilities do you require at ports and container terminals? 
4. What services do you offer your clients ? 
• contract negotiation, 
• logistics, 
• multimodal transport as principal/agent, 
• Freight booking and forwarding 
• express delivery, 
• Customs release and clearance as licensed broker 
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• Consolidation 
• Carriage of containers 
• Transportation of shipments and containers 
5. In the execution of the shipments in the supply chain with which other players do you 
have interactions with? 
6. What is the nature of those interactions and which is the document that accompanies 
that interaction. 
7. Are you responsible for any transport arrangements? If so which are those 
arrangements? 
8. Are you responsible for any freight decisions? If so which are those decisions? 
9. What are the freight contacts that your organization enters into with other players in 
the chain? 
10. Please describe in detail the procedures for customs clearance for exports and 
imports at the ICD. 
Please describe in detail the physical movement of the cargo 
Please describe in detail the documentation involved in clearance 
Please describe in detail the documentation involved in the flow of material 
Please describe the various players involved at the procedure 
Please describe the various activities of the supply chain management processes 
Please advise what is the primary cost centre for each activity 
What are the activities preceding and following each activity. 
What is the objective of that activity? 
What is the least time taken for completing the activity? 
What is the average time taken to complete the activity? 
What is the maximum time taken to complete the activity? 
Please describe who is responsible (has the ownership ) for the procedure 
Please describe who has the custody of the goods at the procedure 
12. At which physical point (ICD/CFS/WAREHOUSE/FACTORY) is the activity carried 
out. 
13. Are there any variations in the time taken for the completion of the above activity? 
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14. What are the reasons for those variations? 
15. At what point do these variations occur? 
16. What services and facilities do you offer to the users? 
Questions for Exporters and Importers 
1 What is your role in the execution of shipments in the international supply chain for 
containerized ocean freight? 
2. Do you use one or several service providers / forwarders? 
3. Please describe in brief your export supply chain 
4. Who takes the decision on various channel members of the supply chain? 
5 In the execution of your responsibilities do you make use of the physical infrastructure? 
If so what kind of use do you make of the infrastructure? 
6. What services/facilities do you require at ports and container terminals? Do you pay 
for any of these? If so, which? 
7. In the execution of the shipments in the supply chains with which other players do you 
have interactions with? 
8. What is the nature of those interactions and which is the document that accompanies 
that interaction. 
9. Do you have in-house arrangements for any activity in the supply chain? If so which 
are those arrangements? 
10. Are you responsible for any freight decisions? If so which are those decisions? 
11. What are the freight contacts that your organization enters into with other players in 
the chain? 
12. Please describe in detail the procedures for customs clearance for exports and 
imports at the ICD? 
• Please describe in detail the movement of the cargo 
• Please describe in detail the documentation involved in clearance 
• Please describe in detail the documentation involved in the flow of material 
• Please describe the various players involved at the procedure 
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13. Please describe the various activities of the supply chain management processes 
• Please advise what is the primary cost centre for each activity 
• What are the activities preceding and following each activity. 
• What is the objective of that activity? 
• What is the least time taken for completing the activity? 
• What is the average time taken to complete the activity? 
• What is the maximum time taken to complete the activity? Please describe who is 
responsible (has the ownership ) for the procedure 
• Please describe who has the custody of the goods at the procedure 
14. At which physical point (ICD/CFS/WAREHOUSE/FACTORY) is the activity carried 
out. 
15. Are there any variations in the time taken for the completion of the above activity? 
16. What are the reasons for those variations? 
17. At what point do these variations occur? 
Questions for Shipping Line and Shipping Agents 
1. At what stage of movement do you first accept responsibility in respect of cargo on 
your premises? 
2 What is your role in the execution of shipments in the international supply chain for 
containerized ocean freight? 
3. What services/facilities do you require at a) ports and b) airports? Do you pay for any 
of these? If so, which? 
4. What is your interaction with Customs and other control agencies dealing with goods 
and means of transport? 
5. What services and facilities do you offer to the users? 
Questions for Customs 
1 What is your role in the execution of shipments in the international supply chain for 
containerized ocean freight? 
2. What services/facilities do you require at a) ports and b) airports? 
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3. What proportion of a) conventional consignments b) containers are inspected at 
import? 
4. Where do you normally inspect containers? How do you select for inspection? What 
are the main features of such inspection? 
5. Do you issue binding advance rulings on a) classification b) value? 
6. Are Customs agents licensed? Do they have a monopoly? 
7. Are any Customs functions currently handled by private agencies? If so, which? 
8. Please describe in details the procedure for custom clearance for imports and exports. 
Questions for Custodians of Container Yards and Freight Slat ions 
1 What is your role in the execution of shipments in the international supply chain for 
containerized ocean freight? 
2. Who are the different users of your facilities? 
3. What services and facilities do you offer to the users? 
4. Please describe your billing heads? Whom do you bill for the various charges? 
5. What are the transport arrangements for movement of shipments and containers to and 
from your facility? 
6. What are the arrangements for handling of shipments and containers to and from your 
facility? 
7. Are you responsible for any freight decisions? If so which are those decisions? 
8. In the execution of the shipments in the supply chains with which other players do you 
have interactions with? 
9. What is the nature of those interactions and which is the document that accompanies 
that interaction. 
10. Please describe in detail the procedures for handling of cargo at your facility? 
• Please describe in detail the movement of the cargo 
• Please describe in detail the documentation involved in clearance 
• Please describe in detail the documentation involved in the flow of material 
• Please describe the various players involved at the procedure 
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11. Please describe the various activities of the supply chain management processes 
• Please advise what is the primary cost centre for each activity 
• What are the activities preceding and following each activity? 
• What is the objective of that activity? 
• What is the least time taken for completing the activity? 
• What is the average time taken to complete the activity? 
• What is the maximum time taken to complete the activity? Please describe who is 
responsible (has the ownership ) for the procedure 
• Please describe who has the custody of the goods at the procedure 
12. At which physical point (ICD/CFS/WAREHOUSE/FACTORY) is the activity carried 
out. 
13. Are there any variations in the time taken for the completion of the above activity? 
14. What are the reasons for those variations? 
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DOCUMENTS INVOLVED IN INTERNATIONAL TRANSACTIONS 
1. Commercial invoice: A commercial invoice is a document, which contains the detailed 
description of the goods consigned, the consignor's name, the name of steamer, number 
and date , order acceptance or contract number and date, country of origin, marks and 
number of packages, special marking (if any), quantity shipped, selling price to the 
purchaser for each unit and total, terms of payment, terms of sale (INCOT.ERMS), 
amount of freight and insurance (if applicable), import license number, particulars about 
packing and consular and customs declaration. It is prima facie evidence of the contract 
of sale and purchase and must be signed by the exporter or by the person acting on his 
behalf 
2. Bill of Lading: It is one of the most important documents which the exporter has to 
send to the importer for taking the delivery of goods. It is normally issued by the shipping 
company and serves as the receipt from the shipping company, which undertakes to 
deliver the goods at, the agreed destination on payment of freight in prearranged manner. 
It is an acknowledgement indicating that goods mentioned in the document have been 
received on board for the purpose of shipment and goods have been accepted for 
transportation are in order and in good condition. Every shipping company has its own 
bill of lading. This bill of lading has to be made in the sets of four and is required by the 
buyer to release the goods at the destination port. The terms and conditions of the 
contract of carriage are normally noted on the back side of the bill of lading. 
There are many ways to classify a bill of lading 
I) Freight paid and freight collect bill of lading: When the freight is paid by the exporter, 
it is referred as Freight paid bill of lading. When the freight payment is being made at the 
destination terms, the B/L is referred as Freight collect bill of lading. 
II) Clean and Claused bill of lading: Clean bill of lading means a bill of lading without 
any adverse remark about apparent order and condition of goods. Claused bill of lading 
bears mention of damage to the shipment. It contains the additional clause limiting the 
responsibility of the shipping company and indicating defective condition of the goods. 
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III) Direct and through bill of lading: Through bill of lading covers goods being 
transshipped in route. It covers the entire voyage. But when the same ship or vessel 
carries goods from the port of shipment to the port of final destination, the shipping 
company issues Direct bill of lading. 
IV) Stale Bill of Lading: If the bill of lading is held too long and is not presented to the 
bank or consignee soon after it is given by the shipping company, it is called a stale bill 
of lading. 
V) Combined Bill of Lading: These bills of lading are issued by the shipping company to 
the exporter at the dry port. It includes the freight charges from the port of delivery to the 
port of destination including the railway freight up to port of delivery. 
A bill of lading is 
a) Contract for carriage 
b) A document of title 
c) A consignment waybill 
d) A negotiable document 
e) An accepted proof for export 
f) If desired, a freight manifest 
3. Shipped on Board Certificate (SOB): 
A certificate issued by the carrier after the container has been physically shipped on 
board a vessel. This certificate is often a stipulated document for shipments under a letter 
of credit. It gains greater significance in Multi Modal Transport where containers are 
stuffed in the hinterland, often days before departure of vessel. 
4. Certificate of origin: COO is a document indicating the origin of the goods which are 
being exported/imported. It is sent by the exporter to the importer and is used for 
claiming special concessions, on the import duty charged. An importer secures the benefit 
of preferential tariff (if available) by producing the certificate of origin to custom 
authorities. In India it is issued by Chamber of Commerce or respective EPC or trade 
associations. It also ensures that the goods are not reshipped by the exporter through an 
intermediate port outside the country to bypass quota regulations. 
5. Consular Invoice: Consular invoice is a certificate issued by the trade consulate of the 
importer's country stationed in the exporter's country, stating the fact that goods of 
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particular value are being imported from a particular country. One copy is given to the 
exporter and the other copy is sent by the consulate to the customs of the importer's 
country. 
6. Letter of Credit (LoC): A method of settling payment between the buyer and the seller. 
It acts as the substitute to the promise for payment by the buyer. The involvement of 
consignee's bank ensures that the consignee is credit worthy. In case of non-payment 
even after the commitment by the exporter to the contents of the LoC; the Consignee's 
bank is liable to pay the money. The bank may debit the same amount of money from liie 
consignee's bank. Hence LoC is the commitment from the bank. 
Types of letter of Credit: 
I) Documentary letter of credit: in the documentary letter of credit, it is obligatory to send 
documents of title to the goods along with bill of exchange. If the bill of exchange is not 
accompanied by these documents, the bank may not honor the bill of exchange. 
II) Clean Letter of Credit: Here the bank does not put any condition as regard the 
condition as regards the acceptance and payment of bill of exchange. 
III) Revocable Letter of Credit: in this case the opener reserves the right to withdraw or 
change the letter of credit anytime without the consent of the concerned party. Here the 
banker is under no obligation to give notice to the beneficiary. The fact that credit is 
revocable is sufficient notice. 
IV) Irrevocable Letter of Credit: In this case the bank has no right to change or withdraw 
letter to credit without the consent of the consignor. 
V) Revolving Letter of Credit: sometimes there is a regular flow of trade activities 
between the importer and the exporter. In such a situation, a revolving credit for a 
specified amount is sent up. This may allow the exporter to draw up to the specified 
amount at any time against shipment of documents. Thus as soon as the payment is made 
to the exporter, the importer reimburses the amount to his bank and restores the balance. 
VI) Confirmed Letter of Credit : A letter of credit confirmed by a third bank ,which is 
called the confirming bank. 
The main advantages of letter of credit are: 
a) Provides packing credit: i.e. pre-shipment finance can be obtained 
b) No blocking of funds: exporter gets immediate payment from the bank when he 
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submits full set of negotiable documents. 
c) Clearance of exchange control regulations: double guarantee by the opening bank as 
well as confirming bank. 
d) Certainty of shipment to the goods by the supplier 
e) Delivery on time by the exporter 
f) Overdraft facility 
g) Funds are not blocked 
h) Long business associations between the two parties. 
7. Special Customs Invoice: Customs invoice is required by U.S.A, Canada & Australia 
in which no certification is required by the exporting country. 
8. Health Certificate: Health certificate is required for export of food products, seeds, 
animal meat products etc. The exporter has to submit the declaration for the same. 
9. AR4: A document executed by the shipper and endorsed by the local excise authorities. 
It is actually a request made by the shipper to local excise authorities for removal of 
excisable goods for exports 
10. Packing List: It include the date of packing connecting invoice number, order 
number, name of the vessel, bill of lading number and date of sailing, case number to 
which the list relates, details of goods such as quantity and weight and/or item wise 
details. 
11. Forwarding Note: Issued by carrier for release of empty container 
12. Carting Order: Issued by CONCOR for allowing entry of merchandise inside 
container yard. 
13. Stuffing Plan: Prepared by consolidator for planning the stuffing of LCL shipments 
14. Stuffing Report: Prepared by surveyor after stuffing of container 
15 CLR (Container location report): It is the report issued by the surveyor of the shipping 
line indicating the whereabouts of the line's container inside the warehouse of the ICD or 
CFS. 
16. Export General Manifest: Customs authorities require the master of the vessel to 
lodge with them the ship's papers (also called cargo manifest) before discharge of cargo 
commences, the statement containing the description, marks, numbers etc., of the export 
cargo is called so. This is an essential paper which contains the complete list of the ships 
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cargo along with particulars of content, shipping mark, number of shippers and 
consignees and other relevant particulars abstracted from the bill of lading; also lodgment 
of Import General Manifest must precede obtaining the delivery of cargo. 
17 Certificate of Inspections: Certificate of inspection is issued by the inspection agency 
concerned, certifying that the consignment has been inspected as required under the 
export Act and ratifies the condition relating to quality control and inspection as 
applicable to it and is certified export worthy. 
18. Measurement Certificate: Freight can be charged on weight basis or measurement of 
volume basis. The clearing agent obtains this certificate by the surveyor of the concerned 
shipping line or any approved organization and given to the shipping company for 
calculation of necessary freight. This certificate also has references of the port of 
destination, description of goods, quality, length, breadth, depth etc. of the packages. 
19 .MTR or Lorry Receipt: Consignment note issued by transporter for carriage of goods 
by road. 
20. Quota Certificate: There are certain commodities, on which there are restrictions on 
quantities that can be exported, as per international agreements. There can also be 
quantity restrictions as per export import policy. For e.g. In case of edible items, such as 
cereals, pulse, onions, and iron ore. The government fixes quota for every exporter, 
beyond which they can't export. 
21. Status Report: It is a report which the shipping line or the Freight Forwarder provides 
to the shipper, tracking the movement of their shipment through the supply chain 
22. Damage Report: This report is of much importance and the surveyor provides this 
report to the shipping line ,or to any other party using their services, for ascertaining the 
responsibility of damage of the container or the consignment. It is of relevance in the 
context of transit Insurance. 
23. Dispatch report: surveyor sends daily dispatch report of the cargo and the container to 
the shipping line. 
24. Movement sheet for custom seal: this document is prepared by the surveyor for taking 
permission for custom sealing of the containers ready for export. 
25. Self Declaration form (SDF): A declaration form prepared by the shipper and attested 
by the customs along with other customs documents. The exporter deposits it to the 
Page 166 
negotiating bank that after verification passes on to the RBI. It is used for monitoring 
incoming foreign exchange for the shipment exported. 
26. Customs declaration form: Sometimes custom aslcs for a special category of 
document, which asks for assurance that the banned or illegal goods are not exported out 
of the country. For e.g. drugs and medicine, rare species of flora and fauna, chemicals 
and explosives. 
27. CFR (Container Feasibilitv Report): It is the report by the surveyor of the shipping 
line which states whether the container is feasible for export or not. 
28. Bill of Exchange: It is an unconditional order in writing; addressed by the exporter 
(drawer of the bill) to the drawee, requiring him to pay on demand or at a fixed or 
determinable future; a certain sum of money to or to the order of a specified person, or to 
the bearer. These can be compared with the trade credits as a means of borrowing and 
lending between overseas partners 
29. Checklist: after submission of the shipment data in the prescribed customs annexure 
form, or the shipping bill Performa using E.D.I, the filing section of customs issues a 
checklist to the clearing agent. This is given so that shipper verifies the document's entry 
before they are accepted by the EDI system. 
30. Stuffing Request: It is the document issued by the shipping line or the Freight 
Forwarder to the ICD or CFS in charge for stuffing of the export cargo in containers. The 
document bears the reference of the shipping bill. Number of cartons etc. 
31. Combined certificate of value and origin: This certificate states the actual value of the 
export cargo and the origin of the cargo. 
32. Fumigation Certificate: Loaded containers are required to be fumigated if they are 
carrying consignments that could get infested by pests. The certificate is needed by 
nominated pest control agencies certifying that the container' has been fumigated. A 
Fumigation certificate can be both a commercial and regulatory requirement. 
33. Shipping bill copies: During the shipping bill filing at the custom's office; six 
different copies of shipping bills are prepared. These are as defined below: 
(i) Exporter's copy: This copy is to be retained by the shipper himself for his records, 
(ii) Exchange control copy: this copy is to be deposited to the negotiating bank of the 
shipper himself or through his client. It is mandatory for the shipper to furnish this 
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document, as the govt, wants to make it sure that foreign money is actually coming to 
India and is in its notice. 
(iii) Drawback copy: This copy is used for claiming the drawback of duties and excise 
paid on the raw material that are consumed for the production of the product being 
exported. 
(iv) Export Promotion Copy: This copy is useful for claiming various benefits given by 
the government to promote trade in that particular category of goods. 
(v) Transference copies (TR): Called TRI and TR2 these copies are sent by the shipping 
line from the loading ICD to the loading port. The manifest of the vessel is prepared on 
the basis of these copies which are submitted by the shipping lines to the port authorities. 
After physical sailing of the container, these copies and duly attested at the port with 
vessel details are sent back to the customs at the loading ICD. Endorsement, as proof of 
export, on various documents is done by the customs on the basis of attested TR copies. 
34. Ground rent payment challan: The management of the ICD or CFS rents the 
warehouse space to the shipping lines, freight forwarders, co loaders and whoever from 
the industry at an annual fee referred as the Ground rent. 
35. Inland wav bill (IWB): It is the bill of transport issued by the CONCOR for onward 
carriage of export cargo to the port of loading or from the port of delivery. It is a non-
negotiable instrument. 
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